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INTRODUCTION 
Since the one gene-one enzyme theory was put forth by 
Beadle and Tatum (19^5)j many investigators interested in the 
organization of genetic material have sought to determine the 
linear interrelationships of genes, both those controlling 
unrelated functions and those which are related at the func­
tional level. No one study can truly be justified as the 
most important, nor any one function the most vital to the 
system of life processes under investigation. It is even 
possible, that many genes may have been mapped which control 
indirectly related functions rather than the specific ones 
under investigation at the time. Were the innumerable bio-
syntheses which are carried on by the cell non-interacting, 
i.e., not inter-dependent in their complex repression and 
derepression controls, assays for the enzyme levels and their 
relative efficiencies produced by the genes studied would be 
an almost certain confirmation of a specific gene being 
related to a specific enzymatic function. Because the evi­
dence is, for the most part, circumstantial is reason enough 
to attempt further correlation between gene loci and cell 
processes. 
One would hope that through continued studies of this 
nature, using a wide variety of life forms, scientists will 
develop a more complete understanding of all cellular heredity, 
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differentiation, and control. This knowledge might then be 
applied to practical problems such as increasing food sup­
plies the correction of cellular malfunctions and their 
resultant abnormalities in animals. For the present, however, 
biochemical geneticists must try to content themselves with 
the study of the relative order and interrelationships of 
genes in the genetic map of some form of life, ideally 
never forgetting the original purpose of these many in­
quiries . 
This dissertation describes the identification and 
characterization of a few more loci in the genetic map of 
Staphylococcus aureus, and discusses interrelations of these 
loci and some of their interactions in controlling purine 
biosynthesis in S. aureus. Accordingly, the purposes of 
this investigation were ; 1) to define the biosynthetic path­
way of purine biosynthesis in S. aureus, 2) to show correla­
tion between the various genetic loci and the individual 
enzymatic conversions found, and 3) to demonstrate repres­
sion and feed-back inhibition of purine biosynthesis by 
purines and purine derivatives. 
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LITERATURE REVIEW 
The purines and pyrimidines which make up the nucleo­
sides, and the nucleosides which constitute DNA, RNA, and the 
nucleoproteins, have many functions other than those associ­
ated with macromolecular structure. The free bases may 
function as precursors of other metabolites, e.g., in the 
conversion of purine to histidine, or of pyrimidine to 
thiamine. The free bases also occur as such in nature, and 
are known to have special functions in some instances. The 
postretinal reflecting surface (tapetum lucidum) of the eyes 
of many arthropods, fishes, amphibia, and reptiles is com­
posed of rather large guanine crystals (a function performed 
by crystals of a zinc-cysteine complex in carnivores, and by 
riboflavin crystals in the tapetum of the lemur Galago). The 
nucleotides function in the transport of high-energy phosphate 
bonds, as in the case of AMP, ADP, and ATP. As coenzymes, 
they also function in electron transfer, as exemplified by 
NAD, NADP, and FAD, along with riboflavin and niacin; they 
also serve in active acetate transfer as part of coenzyme A. 
Adenine nucleotides occur in some of the pseudo-cobalamins. 
Since these nucleotides function in a great many different 
enzyme systems in intermediary metabolism, their biological 
requirement is as fundamental as that of the enzymes them­
selves . 
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Photosynthetic plants are able to synthesize all the 
nucleotides essential for their metabolic activities, but not 
all parts of the plant can do so. Plant roots, for example, 
vary in this respect: tomato and flax roots are able to 
synthesize the pyrimidine moiety of thiamine, while pea roots 
require it. Bacteria, yeasts, and molds vary greatly in 
their ability to synthesize this thiamine precursor. The 
first demonstration of the nutritional requirement of a nitro­
genous base was the observation (Richardson, 1936) that uracil 
was essential for the anaerobic growth, of S. aureus. Soon 
after, adenine was found to stimulate the growth, of Lacto­
bacillus plantarum, and to be essential for the growth of a 
hemolytic streptococcus and of Clostridium tetani. Adenine 
is required by a strain of Neurospora crassa. 
Bacteria are apparently able to incorporate many 
"unnatural" purines and pyrimidines into nucleic acids 
(Guirard, 1958), and the antitumor activity of such, analogs 
is in part due to their incorporation into the nucleic acids 
of neoplastic tissues (Anderson and Law, i960). For a similar 
reason, many such analogs are found to be mutagenic. Various 
microorganisms may be reversibly adapted to require unnatural 
analogs, although such requirements may again be lost after 
repeated transfer in the presence of diminishing amounts of 
the unnatural analog (Beerstecher, 19640. 
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Because of the varied nutritional requirements for 
purines among life forms, and the importance of purines in 
many enzymatic processes, several investigators became 
interested in the biosynthesis of these bases and the-meta­
bolic control of their production. Initial studies of purine 
biosynthesis were carried out, for the most part, by Buchanan 
and his collaborators (Hartman and Buchanan, 1959) through 
many variations of a system involving pigeon liver tissue, 
addition of isotopically labelled purines and purine pre­
cursors. The rationale behind the selection of pigeon liver 
as a source of the purine precursors was based on the ob­
servation that the purine, uric acid, is the major nitro­
genous excretory product in birds, a fact which seemed to 
indicate that a high rate of purine biosynthesis should be 
present in proportion to the rate of production of uric acid. 
From such studies these workers demonstrated the derivation 
of the following atoms of the purine ring: carbon 6 from 
COgi carbons 2 and 8 from either formate, the a-carbon of 
glycine, the (3-carbon of serine, or the Imidazole C-2 of 
histidine; carbon 4 from the carboxyl atom of glycine; carbon 
5 from the a-carbon of glycine; nitrogen 7 from the nitrogen 
atom of glycine; nitrogen 1 from the nitrogen atom of 
aspartate; nitrogens 3 and 9 from the amide nitrogen of 
glutamine. Carbon atoms 2 and 8 appear to be drawn from a 
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pool of single carbon fragments derived from formate, glycine, 
serine, and histidlne. 
While Buchanan and his collaborators were engaged in 
finding the origin of the component atoms of the purine ring 
in pigeon liver systems during the period of 1946 through 
i960, Stetten and Pox (194^) and Shive ^  aJ-. (1947) demon­
strated that partial inhibition of the growth, of Escherichia 
coll by sulfanilamide resulted in excretion into the culture 
medium of the first purine intermediate identified, 4-amlno-
5-imidazolecarboxamide (AICA). This observation not only 
proved AICA to be a precursor of hypoxanthlne, but also pro­
vided a basis of speculation as to the types of reactions and 
compounds required for the biosynthesis of such a precursor. 
Shaw (1950) approached this problem from the standpoint of 
sequential organic syntheses and proposed a series of com­
pounds as precursors of the purines. The sequential partici­
pation of compounds proposed by Shaw is quite similar to the 
biosynthetlc pathway of purines which has since been eluci­
dated through the study of various biological materials. 
Later, AICA was reported to be capable of replacing a 
purine as a growth factor in purlne-dependent mutants of 
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Ophiostoma multiannulatum (Pries, et a2.;19^9) and E. coll 
(Gots, I95O; Bergmann, et aJ^.1952). The attempts of Green-
burg (1951) and Schulman and Buchanan (1952) to demonstrate 
the incorporation of glycine by pigeon liver homogenates into 
this carboxamide failed. Greenberg (1951) explained this 
failure on the basis of an observation that inoslne-5'-
phosphate (IMP) is the first purine formed in the pigeon 
liver system rather than hypoxanthine. Greenberg et al. 
(1956) also found that the compound excreted into culture 
fluids by sulfanilamide-inhibited E. coli is the riboside of 
the imidazole carboxamide rather than the free intermediate, 
that the ribotide of AICA (AICAR) appears to be the actual 
intermediate, and that the ribosyl phosphate moiety is 
probably introduced before completion of the purine ring. 
Eventually, Greenberg and Buchanan (in Hartman and Buchanan, 
1959) succeeded in elucidating the early step-wise enzymatic 
conversions leading to the formation of IMP in pigeon liver. 
The pathway leading to IMP is shown in Figure 1 and is • 
adapted from the diagrammatic representations published in 
the review of purine biosynthesis by Hartman and Buchanan 
(1959). 
Magasanik (I962) has pointed out that 5-ph.osphoribosyla-
mine (PEA), which is the first specific purine intermediate 
produced in purine biosynthesis, can be formed more directly 
than by the accepted reaction between glutamine and 5-phos-
Figure 1. The biosynthesis of Inoslnlc acid 
The conversions leading to the synthesis of Inoslnlc aold as described 
by Hartman and Buchanan (1959) are dlagrammatlcally represented. The 
abbreviations for the compound names are: phosphorlbosyl pyrophosphate 
(PPKP), phosphorlbosyl amine (PRA), glyclnamide ribotlde (GAR), formyl-
glyclnamlde ribotlde (PGAR), formylglyclnamidlne ribotlde (FGAM), 5-
aminolmldazole ribotlde (AIR), ^ -carboxy-5-amlnolmidazole (E-AIR), 
(N) succino)-5-a-mino-^-imidazolecarboxamide ribotlde (SAICAR) , 5-amlno-^-
Imldazolecarboxamlde ribotlde (AIGAR), (N) formyl-5-amino-4-imidazole-
carboxamlde ribotlde (FAICAR), and inoslnlc acid (IMP). 
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phoribosyl pyrophosphate (PRPP); i.e., PRA can also be formed 
from ribose-5-phosphate and ammonia in the presence of ATP. 
He also noted that these reactions had been demonstrated in 
extracts of members of the Enterobacteriaceae and in chicken 
liver, and that the enzyme involving glutamine in its trans­
formation is differentiable from that associated with the 
formation of PEA from ammonia and ATP. 
Many of the earliest precursors of the purine imidazole 
ring found in pigeon liver extracts have not been demon­
strated in microorganisms; however, the accumulation of non-
diazotizable intermediates in the culture fluids has been 
found in certain of the non-specific purine-requiring mutants 
of Salmonella typhimurium (Gots, 1950; Gots, 19575 Love and 
Gots, 1955). Enzymatic studies with mutants of S. typhimurium 
which, are blocked prior to the formation of 5-&minoimidazole 
ribotide (AIR) have only recently elucidated the biochemical 
sequence of their respective purine biosynthetic enzyme 
complements. In Aerobacter aerogenes enzymatic studies have 
demonstrated what is believed to be the first two purine bio­
synthetic reactions: 
PRPP + glutamine > PRA + pyrophosphate (1) 
(Nierlich. and Magasanik, 1965a) 
PRA + glycine + ATP > glycinamide ribotide 
(GAR) + ADP + pyrophosphate (Nierlich and (2) 
Magasanik, 1965b) 
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Stouthamer aJ_. (1965) have also found a number of. 
non-specific purine-requiring mutants of E. coli strain K-12 
which did not accumulate diazotizable intermediates in culture 
fluids, and which required thiamine in addition to purines 
for growth. Yura (1956) made a similar observation while 
studying purine autotrophs of S. typhimurium. 
Although some of the early reactions remain to be 
definitely demonstrated in the microorganisms previously 
studied, present evidence indicates, with few exceptions, 
the purine biosynthetic pathways of E. coll, 8. typhimurium, 
A. aerogenes, and pigeon liver are almost exactly the same. 
Table 1 summarizes intermediates, enzymes, organisms studied, 
•and.the investigators of these findings. It should be noted 
that the pur D locus in E. coli corresponds to loci pur P, 
pur D, and pur _! in S. typhimurium (Sanderson and Demerec, 
1965), by J. S. Gots (personal communication) with the ex­
ception of pur Ç and pur E, which were originally designated 
by Yura (195^) to be members of the ade D locus, and later 
changed by Demerec and Ozeki (1959) after further genetic 
studies of the ade D locus. 
Coordinate with the investigations determining the bio­
chemical sequence of purine biosynthesis, many studies have 
dealt with antimetabolites directly affecting certain of the 
enzymatic conversions. The list has now become extensive. 
Table 1. Purine intermediates, enzymes, organisms studied, genetic loci designa­
tions, and investigators of purine biosynthesis in Escherichia coli, 
Aerobacter aerogenes, Salmonella typhimurium, and Neurospora crassa 
Activity Genetic 
Organism Intermediate affected symbol References 
coli IMP IMP >SAMP pur A 1 
II SAICAR SAICAR >AICAR pur B 1 
It AIR AIR >SAICAR pur C 1 
M AIR AIR >SAICAR pur E 1 
II unknown biosyn. of AIR pur D 1 
it IMP IMP >XMP Rua A 2 
II XMP XMP >GMP Kua B 2 
11 unknown biosyn. of AIR ade u 2 
II AICA AICAR >IMP ade 2 
typhimurium IMP IMP ->SAMP pur A 3,4,5 
II SAICA-r SAICAR >AICAR pur B 3,4,5 
II AIR AIR >SAICAR pur Ç 4,5,6 
II unknown biosyn. of AIR pur D 4,5,6 
It AIR AIR >SAICAB pur E 4,5,6 
Table 1. (Continued) 
Organism Intermediate 
S. typhimurium 
A. aerogenes 
It 
unknown 
FGA-r 
AICA-r 
unknown 
PEA 
xanthosine 
N. crassa SAICAR 
IMP 
Activity 
affected 
Genetic 
symbol References 
biosyn. of AIR pur F 5, 6 
FGAE -=îi'GAM pur G 5, 6 
AICAR -> IMP pur H 5, 6 
biosyn. of AIR pur I 5, 6 
PEA > GAR 7 
PRPP ->PRA 8 
XMP >GMP 
- 9 
hypoxanthine—>IMP — — - 9 
guanine- >IMP 
- 9 
X ant h ine > I MP 
- 9 
inosine- >GMP - 9 
inoslne- >AMP 
- 9 
SAICABr- >AIGAR ad k 10 
IMP >SAMP ad 8 10 
Table 1. (Continued) 
Activity Genetic 
Organism Intermediate affected symbol References 
1. Thoman and Taylor (1964) 
2. Stouthamer et., al. (196'5) 
3. Gots and Gollub (1957) 
4. Yura (1956) 
5. Ozekl (1956) 
6. Gots (personal communication) 
7. Nierlich & Magasanik (1965b) 
8. Nierlich & Magasanik (1965a) 
9. Balls et a2. (1956) 
10. Giles et al. (1957) 
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Many of these antimetabolites, sites of action, and nature of 
compounds are listed in Table 2, inclusive also of purine end-
product inhibition in other metabolic pathways. It has been 
largely on the bases of radiotracer and antimetabolite studies' 
that the inter-conversion of purine nucleotides and sites of 
metabolic control have been revealed. Most of the major in­
vestigations with bacterial systems in these two areas were 
performed by Magasanik and collaborators with. A. aerogenes 
and S. typhimurium (Magasanik, I962). Based on these studies, 
Magasanik (1962) proposed a system of classifying purine 
auxotrophs of bacteria on the basis of their abilities to 
utilize exogenous supplies of adenine, guanine, xanthine, and 
hypoxanthine; thus separating the types of purine auxotrophs 
generally encountered into four classes. Mutants of class I 
respond in growth to exogenous supplies of adenine, guanine, 
xanthine, and hypoxanthine, and are further subdivided into 
groups a, b, and c, depending upon the presence or absence 
of diazo-positive accumulations released into their culture 
fluids. Group la consists of those mutants accumulating the 
free, ribosidyl, or ribotidyl form of aminoimidazole. 
Actually, there are two different biochemical blocks which 
can be related to the accumulation of this intermediate and 
the associated yellow pigment also released as described by 
Love and Gots (1955)• the conversion of AIR to carboxy-AIR 
(c-AIE) and the conversion of c-AIE to (N) succino-5-a.inino-
Table 2. Antagonists, sites of action, nature 
of these antimetabolites 
Compound Site of action 
6-methylthiopurine 
ribonucleoside 
6-methylpurine 
6-benzylthiopurine 
Psioofuranine 
Purine 
2,6-dlaminopurine 
2-amlno-6-benzyl-
thiopurine 
Thioguanine 
ribonucleos ide 
Sulfanilamide 
Aminopterin 
Histidine 
Adenine 
AMP, GMP, IMP, 
GTP, ATP 
Deoxynorleucine 
PRPP + glutamine—^PRA 
PRPP— 
PRPP—>PRA 
PRPP—>PRA or 
binding to XMP aminase 
PRPP —^^PRA 
PRPP —::PRA 
PRPP >PRA 
PRPP —5ÇSA 
folic acid synthesis 
and AICAR—>FAICAR 
folic acid synthesis 
and AICAR—>FAICAR 
ATP + PRPP "com­
pound III" 
malic dehydrogenase 
PRPP—>PRA 
FGAR—>FGAM 
Cycloserine FGAR—>FGAM 
Inhibition, and investigators 
Nature of inhibition Ref 
feedback inhibition 1 
feedback inhibition 1 
feedback inhibition 1 
feedback inhibition 1,6 
feedback inhibition 1 
feedback inhibition 1 
feedback inhibition 1 
feedback inhibition 1 
2 
2 
feedback inhibition 3 
competitive inhibition 4-
feedback inhibition 5 
interference with 
glutamine utilization 10 
interference with 10 
glutamine utilization 
Table 2. (Continued) 
Compound Site of action Nature of inhibition Ref, 
Azaserine 
6-thio-SAMP 
6-mercaptopurine 
ADP 
PGAR PGAM 
SAICAR AICAR 
IMP and GMP 
pyrophosphorylase 
glutamine synthetase 
interference with 10 
glutamine utilization 
competitive inhibition 7 
competitive inhibition 8 
product inhibition 11 
1. Henderson (1963) 
2. Beerstecher (1964) 
3. Martin (1963) 
4. Williams (1952) 
5. Nierlich and Magasanik (1965a) 
6. Fukuyama and Moyed (1964) 
7. Miller et al. (1959) 
8. Hakala and Nichol (1959) 
9. Slechta (i960) 
10. Wilson and Pardee (I965) 
11. Elliot (1951) 
M 
-O 
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Imidazole-^-carboxamide ribotide (SAICAR). It has been found 
that c-AIR is unstable in culture fluids and decomposes to 
AIR (Gots, personal communication). Mutants of this group 
have been given the genetic designations pur C and pur E by 
Demerec and Ozeki (1959)• Group lb consists of those mutants 
accumulating AICA-riboside (AICA-r) and blocked in the con­
version of AICAR to the formyl-AICAR (PAIGAR) and subse­
quently to. IMP. These two reactions are believed by 
Magasanik (1962) to be controlled by one enzyme. As no one 
has yet isolated a mutant accumulating PAICA or FAICA-
riboside, this hypothesis may be valid; however, it should 
be emphasized that Flaks, Erwin, and Buchanan (1958) reported 
that the enzyme kinetics of AICAR transformylase results in 
the rapid conversion of small accumulations of PAICAE to 
AICAR. Also, the conversion of AICAR to IMP by one enzyme 
has not been demonstrated. The genetic prefix assigned to 
this group is pur H. Group Ic consists of mutants blocked in 
reactions leading to the synthesis of AIR, these mutants 
characteristically releasing orcino-positive material; genetic 
loci associated with this group are pur F, pur D, pur G, and 
pur I. The gua A and gua B prefixes are generally associated 
with, classes II and III, respectively, and are identified 
easily by growth responses to guanine and xanthine. The 
growth of mutants in Class II (gua A) are stimulated by 
guanine or xanthine, and those in class III (gua B) are 
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stimulated only by guanine. Mutants of class II respond to 
exogenous supplies of guanine or xanthine' because of a block 
in the enzymatic conversion of IMP to xanthosine-5'-phosphate 
(XMP). Mutants of class III respond only to guanine due to 
a block in the conversion of XMP to guanosine-5'-phosphate 
(GMP). The reason hypoxanthine does not stimulate either of 
these mutant groups is because it can be interconverted only 
with IMP., Accordingly, adenine is also interconvertible with 
IMP,"but not XMP or GMP directly. Due to the bifunctional 
involvement of adenylosuccinase in the reactions SAICAR to 
AICAR and (N)succino-adenosine-5'-phosphate (SAMP) to AMP, 
mutants impaired through loss of this enzyme belong to class 
IV, as do those mutants lacking succinoadenylate kinosynthetase 
(IMP to SAMP). These mutants are designated pur B and pur A, 
respectively. The pur B mutants are easily identified by 
their accumulation of either SAICA-riboside (SAICA-r) or the 
free base (SAIGA). The pur A mutants may be identified 
through studies of cell-free extracts, or more easily 
genetically as a complementation class to pur B, which does 
not accumulate diazo-positive material, but does, like pur B, 
have a strick adenine requirement (Sanderson and Demerec, 
1965). 
End-product inhibition by purines has been studied in 
several microorganisms (Wyngaarden and Greenland, 1963; 
Nierlich and Magasanik, I965 a; Sarachek, 1964; Burns, 1964; 
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Gots, 1957) Wyngaarden and Ashton, 1959)• Wyngaarden and 
Ashton (1959) demonstrated the regulation of purine bio­
synthesis via PEPP amidotransferase with high levels of 
purine ribonucleotides. Other inhibition sites found in­
clude succinoadenylate kinosynthetase by AMP and GMP, 
controlling production of AMP (Wyngaarden and Greenland, 
1963), the regulation of GMP reductase by ATP (Magasanik, 
1962), and the regulation_pf the conversion of AMP to IMP 
via AICAR by histidine feedback inhibition at the site con­
verting ATP-EPPP to "compound III" (Moyed and Magasanik, 
1957)' While there are probably several sites of repres­
sion, only two have been discovered, both of which, were found 
through the use of cell-free extracts of bacteria. These 
sites are the repression of inosinocase and inosinic de­
hydrogenase by GMP (Magasanik, I962). 
Purines, in their various forms, not only have an 
intricate system of regulating their own production, but they 
also are closely involved with other biosynthetic pathways. 
ADP inhibits glutamine synthetase in extracts of sheep brain 
(Elliot, 1951), which would be an indirect control of purine 
biosynthesis, and glutathione synthetase in extracts of pigeon 
liver (Yanari _et ^. , 1953). Adenine has been found to in­
hibit malic dehydrogenase by competitively inhibiting NAD 
action even more strongly than niacinamide (Williams, 1952). 
Shedlovsky and Magasanik (I960) reported that the nutritional 
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requirements of certain auxotrophs of A. aerogenes could be 
satisfied with, either histidine or adenine. They reasoned 
that this alternate requirement could be due to a partial 
block in the splitting of "compound III" because the re­
sulting formation of low levels of histidine would release 
the feedback and allow unhindered production of "compound 
III"; this fact, coupled with the slow regeneration of AICAR 
would lead to adenine depletion. Added adenine would permit 
growth by relieving this deficiency. Added histidine would 
permit growth by restoring feedback, thus preventing the 
adenine drain. 
Genetic mapping of purine loci in S. typhimurium was 
first performed by transduction by Yura (1956), Ozeki (I956), 
and later by Demerec and Ozeki (1959), and Sanderson and 
Demerec (1965). In the study of Sanderson and Demerec (1965), 
mapping was also carried out by means of conjugation. The 
latter study resulted in a comparison of the chromosomal map 
of S. typhimurium with that of E. coli, the chromosomal map 
of E. coli having been determined previously by Taylor and 
Thoman (1964). Apparently, the latter work was the first map 
which included the purine auxotrophs collected by Gots in 
earlier studies with E. coli. However, Stouthamer et al., 
(1965) also biochemically characterized several purine 
auxotrophs of E. coli strain K-12, and mapped their loci 
through use of Hfr mating strains. Since the chromosome maps 
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of these two bacteria are nearly identical, and since the 
information concerning the relation of function to locus is 
much more complete in S. typhimurium, the remaining discussion 
of genetic studies of purine loci will be confined to this 
bacterium. 
By means of transduction with bacteriophage P22, Yura 
(1956) tested thirteen adenine-requiring mutants (ad-1 
through, ad-13) and twelve adenine-thiamine-requiring mutants 
(ath-l through ath-12) of S. typhimurium for allelism. On 
the basis of the frequency of prototrophic recombinants 
obtained in reciprocal crosses, within these two groups, the 
adenine mutants were separated Into three groups: 
ad-1, 
ad-12, -13, and 
&d-2, -51 -6, -71 -8, _-9) -10, -11 ; 
and the adenine-thiamine mutants into three groups: 
ath-l, J 5 cÈ> zZ' J ~1Q J 
ath-6, -11, -12, and 
ath-5 » 
Further transduction tests within each group at higher multi­
plicities of infection provided a means of finer resolution to 
identify identical alleles. Combinations of mutants which 
still gave no prototrophic recombinants were: ad-2 and ad-7 ; 
ad-9 and ad-11; ath-l, -2, and and ath-11 and -12. 
Mutant ad-3 did not transduce to prototrophy with wild-type 
or any other of the adenine-requiring mutants, and ath-10 
did not transduce to prototrophy with any other members of its 
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group, even though the initial group was found to split into 
essentially seven groups at higher multiplicities of infec­
tion. The behavior of ath-10 was initially suspected by Yura 
(1956) as being due to a deletion mutation. 
Tests for linked transduction using mutants ath-1, -2, 
-3, -4, and -10 as recipients, and mutants ath-8 and as 
donors not only demonstrated linked transduction of these 
mutant sites, but also showed that mutants ath-8 and ^^2. were 
enzymatically blocked earlier in biosynthesis than the re­
maining mutants (Yura, 1956). Donor-type colonies, smaller 
in size than prototrophic recombinants, were demonstrable 
only when the transduction suspension was plated on an 
adenine-pantothenate-enriched medium (EMAP). Pantothenate 
had been shown earlier by Gots (195^) to be a metabolite 
capable of satisfying the thiamine requirement of the adenine-
thiamine-requiring mutants. Noteworthy is the apparent 
correlation of reversion frequency associated with the various 
alleles, and also the increase in the incidence of revertants 
when controls were plated on EMAP. 
The mutants ad-2, -4-, -5, -6, -7, -8, -9, -10, and -11 
were non-specific in their requirements for purines and were 
stimulated in growth by exogenous adenine, guanine, xanthine, 
hypoxanthine, and AICA. The four adenine-specific mutants, 
ad-1, -3, -12, and -13 were not found to produce observable 
accumulations. On the basis of genetic and biochemical data, 
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Yura (1956) assigned the above mutants to four groups: ad-1 
to group ad A; ad-12 and -13 to group ad B; ad-2, -4, -5, -6, 
-7, -8, -9 and to group ad G ; and ad-10 to group ad D. 
The ad B group (identical to pur B Table 1) was later found 
to accumulate SAICA-r, and ad A (identical to pur A, Table 1) 
to be blocked at the adenylosuccinic synthetase step (Gots, 
1957) • The ad C group, later split into groups ad C and ad E 
(identical to pur Ç and pur E, respectively; Table 1) on the 
basis of genetic data by Demerec and Ozeki (1959), accumulated 
a yellow pigment characterized by an ultraviolet absorption 
at 305 mu. Mutant ad D-10 accumulated a substance or sub­
stances with specific ultraviolet absorption maxima at 2^5 mu 
and 280 mu, and a pentose accumulation four times that of 
wild-type. This genetic block has not been identified. 
With, respect to the adenlne-thiamine-requiring mutants, 
Yura (1956) reported that the thiamine requirement is mani­
fested, in some cases, only when adenine or hypoxanthine was 
provided as the exogenous purine. Brooke and Magasanik (195^) 
reported a similar finding in a class I mutant of A. aerogenes. 
Ozeki (1956) demonstrated abortive transductants in 
crosses between a wild-type donor and purine-requiring recip­
ients, and in some reciprocal crosses between mutants. In 
this study, no abortive transductants were produced in crosses 
between nonidentical alleles. In later genetic studies, using 
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additional purine auxotrophs, Demerec and Ozeki (1959) found 
a mutant (ath D-20) which produced abortive transductants 
when used as a donor with other ath mutants, but not when 
used as a recipient in a cross with another ath mutant. 
In view of the foregoing results, and the failure of the 
complentation test in Hartman's his B locus, Demerec and 
Ozeki (1959) concluded that abortive transduction is not 
always a good test of allelism. 
Sanderson and Demerec (I965) have demonstrated the 
following linkage on transducing fragments carried by P22: 
gly - pur G 
cys - gua A - gua B - pur I - pur C - pur P (order not 
known) 
pur D - met A - thi (order not known). 
The circular map constructed by conjugation studies by these 
investigators demonstrated that the order of these fragments 
is: (gly - pur G -)(cys - gua A - gua B - pur I - pur C -
pur F -)(pur D - met A - thi). 
Zara (1964) demonstrated.repair of several class I 
purine auxotrophs by bacteriophages 83 and 7? prepared in 
wild-type S. aureus strain 655, through transduction pro­
cedures. Bacteriophage 83 was found to have the highest 
transducing capacity. 
Carere and Spada-Sermonti (1964) isolated several purine 
auxotrophs of S. aureus strain 80 and examined the growth 
responses of these mutants to various purines and purine 
ribosides. They concluded: 1) that S. aureus is able to 
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interconvert GMP to AMP, but unable to convert AMP to GMP 
since 'these mutants responded in growth to guanosine, 
xanthosine, and hypoxanthine, but not to adenine or adenosine; 
2) that the purine and pyrimidine biosynthetic pathways of 
S. aureus must have a common origin and interdependence since 
the addition of uracil to a growth, medium containing purines 
resulted in increased growth response of the purine auxo-
trophs, and the addition of purines to the growth medium 
containing uracil resulted in the same effect. 
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MATERIALS AND METHODS 
Media 
The media used in this investigation include brain heart 
infusion (BHI, Difco) agar, trypticase soy agar (TSA, Balti­
more Biological Company), P and D broth (nutrient broth con­
taining O.Z^fo and 0.2% dextrose), P and D agar and soft 
agar (P and D broth containing 1.^% and O.k'fo agar, respective­
ly), and a synthetic broth (S broth). The composition of S 
broth is shown in Table 3» Media prepared using S broth as 
the base were S agar (S broth containing 1.5^ Noble's Agar, 
Difco), ES agar (S agar containing 0.5% P and D broth), EES 
agar (ES agar containing 1.0% of a derepression culture fluid 
of mutant pur E-11 of S. typhimurium, the preparation of which 
is described under "biochemical studies"), AES agar (ES agar 
containing AICA, Sigma Chemical Company, at a concentration of 
8.0 ug per ml), PES agar (ES agar containing PAICA at a con­
centration of 8.0 ug per ml), IE8 agar (ES agar containing 
inosine at a concentration of 8.0 ug per ml), InAdES agar 
(ES agar containing 4.0 ug per ml of adenine and 4.0 ug per 
ml of inosine). All agar plates were dried overnight at 37 
C prior to use. 
Por the preparation of synthetic media, two stock solu­
tions of amino acids were used: »one containing histidine, 
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Table 3. Composition of synthetic broth 
Concentration 
Component (mg/liter deionized water) 
KgHPO^ 7,000 
KHgPO^ 2,000 
•Sodium citrate'^HgO $00 
MgSO^-yHgO 100 
Glucose^ 4,000 
Glycine 50 
L-Glutamic acid 100 
L-Aspartic acid 90. 
L-Serine 30 
L-Methionine 3 
L-Cystine 20 
L-Alanine 60 
L-Lysine 50 
L-Arglnine 50 
L-Threonine 30 
L-Phenylalanine 40 
L-Tryptophan 10 
L-Leucine 90 
L-Isoleucine 30 
L-Proline 80 
L-Valine 80 
L-Histidine 2 
Niacin 1 
Thiamine 1 
^'Glucose was added aseptically following autoclave 
sterilization of the synthetic medium. 
^Cystine was autoclaved separately from the stock 
solutions of the other amino acids and added to the amino acid 
stock solution after autoclave sterilization. 
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and one without. The amino acids, adenine, AICA, PAICA, 
inosine, and other purine derivatives were prepared as stock 
solutions at concentrations 100 X those used in the synthetic 
media. The basal salts were prepared at ^ X the concentra­
tion used in the final synthetic media. All amino acids, 
with the exception of cystine, were autoclaved together in 
two liter quantities at 121 C for 15 min, after which 
sterile cystine and vitamins were added. The basal salts 
were autoclaved in the same manner, while the purine de­
rivatives were autoclaved separately In. 2^0 ml screw cap 
Erlenmeyer flasks. All synthetic media were autoclaved for 
10 min. at 121 C. 
All glassware used in conjunction with synthetic medium 
was cleaned in chromic acid, rinsed eight times in tap water 
and three times in deionized water prior to use. 
Standard Conditions and Equipment 
A water bath shaker (Research Specialties Company) was 
used for the agitation of cultures at those settings indicated 
by the protocol of the experiments described. Except where 
noted, all incubations were performed at 37 C. 
Optical densities of cultures were measured in a Bausch 
and Lomb Spectronic 20 Colorimeter ( = 535 mu). Pentose and 
30 
glucose determinations were made by the Drury (1948) orcinol 
method in a Klett-Summerson Colorimeter using the red (66o mu) 
filter, and the green (5^0 mu) filter. Diazo-positive 
materials in culture fluids were determined by the method of 
Bratton and Marshall (1939) using the Klett-Summerson Colori­
meter and the green (5^0 mu) filter. 
Ultraviolet absorption spectra of derepression culture 
fluids were determined using a Beckman DB recording spectro­
photometer and quartz cuvettes (l cm light path). 
Ultraviolet irradiations of bacteria and bacteriophage 
were accomplished with the aid of a General Electric Germi­
cidal Lamp (30 watts). 
Bacterial Strains 
The mutants used in this investigation were isolated from 
either S. aureus strain 655 (pase) or a penicillinase-defi-
cient mutant of this strain, designated 655 (pase"). These 
strains have been described in detail (Pattee and Baldwin, 
196I; Kloos and Pattee, I965). 
The purine-dependent mutant ad B-12 of S. typhimurium 
was received from Dr. Milislav Demerec. The other purine-
dependent mutants, (pur A-11, pur B-12, pur C-2, pur E-11, 
pur D-312, pur P-407, pur G-310, pur H-237, and pur 1-305), 
representing all presently-known genetic loci for purine bio­
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synthesis in S. typhimurium, were obtained from Dr. J. S. 
Gots, University of Pennsylvania. Mutant pur B-12 was 
identified by Dr. Gots as being identical to mutant ad-B-12. 
All stock cultures were maintained at 4 C on BHI agar 
slants contained in screw cap test tubes. Working stock 
cultures were prepared from the permanent stocks by 
inoculating BHI agar slants in cotton-plugged or metal-
closured tubes, which were incubated for 18 hr at 37 C, and 
stored at 4 C. Working stock cultures were replaced at one-
week intervals. 
Bacteriophages 
Bacteriophages 29, ^2, 52A, 79, 80, 81, 6, 7, 83, 42B, 
47c, 47, 53, 5^9 70, 73, 75, 775 and were employed for , 
the typing of mutants at a routine test dilution of 1:10. 
These bacteriophages, the methods used to maintain and titrate 
them, and the typing procedure have been previously reported 
(Pattee and Baldwin, 1961). 
Unless otherwise noted, bacteriophages were propagated 
by the method described by Kloos (1964), except that the 
propagation plates were incubated at 30 C for 8 hr rather 
than at 37 C for 6 hours. 
Transducing lysates for certain experiments were pre­
pared following treatment of cells of S. aureus with ultra­
J2 
violet (UV) irradiation and. Mitomycin C, as follows. Cells 
from a l8-hr BHI agar slant culture were suspended in 10.0 
ml of sterile saline (0.05^ NaCl). This cell suspension was 
placed in a sterile glass petri dish (100 mm diameter) and 
exposed to UV light for eight minutes,at a distance of 28 
inches. The cells were collected by centrifugation (1500 x 
g, 15 mln.), resuspended in 20.0 ml of P and D broth and 
aerated. After two hours, 200 units of Mitomycin C were 
added to each broth suspension, and aeration was continued for 
an additional eight hours. The cells were then removed by 
centrifugation (I500 X g, 15 mln.) and the supernatant fluids 
were filter-sterilized. These lysates were stored at 4 C 
in sterile screw cap test tubes. The titer of each lysate 
prepared in this manner was determined using S. aureus 
strain 655-
The irradiation of lytically prepared transducing lysates 
of phage 83 was performed by exposing, with constant agita­
tion, 5'0 ml of the lysate contained in a sterile glass petri 
dish (100 mm diameter)'to UV light at a distance of 28 Inches 
for 4^ seconds. Irradiated lysates were filter-sterilized 
and stored at 4 C, 
All lysates were titrated Immediately before use in 
transduction. Bacteriological sterility of the lysates was 
tested following filtration by inoculating à BHI agar plate 
with 0.1 ml of the lysate. 
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Isolation of Mutants 
The purine-dependent mutants used in this investigation 
were isolated through a variety of mutagenic techniques from 
either strain 655 (pase ) of S. aureus. The mutagenic history 
of some of the mutants has been lost; these.were originally 
isolated and maintained by A. Zara (personal communication). 
Several mutants were isolated by W. E. Kloos (personal com--
munication) by means of ultraviolet Irradiation of S. aureus 
strain 655 (pase~). Mutants of strain 655 requiring both 
histidine and purines other than adenine were isolated by Dr. 
P. A. Pattee after subjecting the histidine-dependent mutant 
his Gb-15 (Kloos, 1964) to diethyl sulfate (DES). 
By means of DES mutagenesis (Bronson, I966), 832 purine-
dependent mutants of S. aureus strain 655 (pase-) were isolated. 
Approximately l60,000 colonies obtained following DES muta­
genesis were examined for purine dependence. Several DES-
induced purine-dependent mutants of strain 655 (pase) were 
obtained from M. E. Burke and C. D. Smith of this laboratory. 
In addition, an l8-hr BHI agar slant culture of S. aureus 
strain 655 (pase-) was used to inoculate 16 BHI agar slants, 
eight of which were incubated at 53 C and eight at 65 C. 
After incubation for 2^• hr, the cultures grown at each 
temperature were separately pooled by suspending the cells 
in S broth containing seven units of penicillin G per 
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milliliter. Filtered air was bubbled slowly through both 
tubes for 24 hr at 37 C. The cells were then collected by 
centrifugation (1500 X g, 15 min.) and washed twice in 5 ml 
of sterile saline (0.5# NaCl). Cells grown at 65 C were 
resuspended in 25 ml of sterile saline and 0.1 ml of this 
suspension was spread on each of 25 TSA plates with the aid 
of sterile bent glass rods. Cells grown at 53 C were re­
suspended in 2.5 ml of sterile saline; this suspension was 
_2 diluted 1 X 10 with sterile saline and used to inoculate 
TSA plates in a similar manner. All plates were incubated 
for 18 hr, and then replicated (Lederberg and Lederberg, 
1952) to S agar. These plates were incubated for 18 hr, 
after which the presumed purine-dependent mutants were 
isolated and transferred to BHI agar slants. These isolates 
were later used to prepare streak plates on TSA agar, from 
which a single colony was isolated, phage-typed, and examined 
to determine the exogenous stimulation pattern to various 
purines (see Nutritional Studies). 
Organic Syntheses 
PAICA was synthesized by the method of Shaw (1950) from 
AICA (Calbiochem). The PAICA was recrystallized twice from 
hot deionized water to remove residual hypoxanthine. 
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Glyclnamide was used to prepare a compound believed to 
be formylglycinamide (PGA) by a modification of the procedure 
used to formylate AICA (Shaw, 1950)• Glycinamide (1.63 g) was 
treated with 10 ml of acetic anhydride and 0.? g of sodium 
formate dissolved in 5 ml of formic acid. This mixture was 
heated until an exothermic reaction commenced, and after 10 
min. the flask containing the reaction mixture was placed in 
a water bath at 70 C for 30 minutes. Due to the solubility 
of the compound in water, it was recrystallized from hot 95^ 
ethanol after dehydration by lyophilization. This compound 
is believed to be PGA since it was able to exogenously 
stimulate the growth of some purine-dependent mutants of S. 
aureus, while glycinamide (GA) did not. However, PGA did 
not stimulate the growth of those mutants of S. typhimurium 
blocked in conversions leading to the synthesis of AIR. 
Both FAICA and PGA were analyzed by ascending paper 
-chromatography and UV absorption spectrophotometry. PAICA 
was found to be free from AICA and hypoxanthin'ê. PAICA was 
further analyzed for purity by ion-exchange chromatography 
on Dowex 50 resin by the method of Plaks al. (1957a), and 
was found to follow an elution pattern similar to the PAICAE 
isolated from pigeon liver homogenates by these workers. 
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Nutritional Studies 
Growth, response to purines and purine intermediates 
The gross classification scheme of Magasanik (1962) with 
respect to nutritional requirements was followed in prelimi­
nary studies to characterize the reactions affected in the 
purine-dependent mutants. Unless stated otherwise, the 
method of Kloos (1964) was used to determine the growth 
response of mutants to purines and purine derivatives. This 
technique consists of placing a few crystals of the compound 
being tested upon a S agar plate previously inoculated with 
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approximately 10 cells of the mutant, and examining the 
plates for zones of growth in the area surrounding the added 
compound after a 24-hr incubation period. All presumed 
mutants isolated following mutagenesis were first tested for 
their utilization of exogenous adenine, guanine, xanthine, 
and hypoxanthine, and were designated as belonging to classes 
I, II, III, or IV. Class I mutants were further tested for 
their growth response to PGA, glycinamide, imidazole, AIGA, 
AICA-r, PAICA, and inosine, in order to more closely define 
the enzymatic block in each mutant. After examining the data 
of Carere and Spada-Sermonti (1964), purine-dependent mutants 
were also tested for their growth response to uracil. 
Some mutants were further tested for their growth 
response to uracil, inosine, IMP, hypoxanthine, xanthosine, 
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guanosine, GMP, AMP, ATP, AICA, and AICA-r under semi-
anaerobic conditions by the technique of Mandell (1963). The 
following is a description of the protocol used. An inoculum 
of approximately 10^^ cells of each purine-dependent mutant 
tested was washed from a 24-hr BHI agar slant using 2.5 ml 
of sterile glucose solution. Two ml of this suspension 
were used to Inoculate 35 ml of soft S agar (S broth con­
taining 0.7# Noble Agar, Difco). Two and one-half ml of the 
inoculated soft S agar were poured on each of five S agar 
plates and allowed to solidify. The plates were then 
inoculated by stabbing them with a wire poker (wooden repli­
cating block containing 13 three-inch piano wires arranged 
in a pattern complementary to a pattern of small tubes con­
taining sterile solutions of the compounds being tested, and 
supported in a wooden block) which was flamed after each 
inoculation cycle. All plates were incubated for 18 hr, 
after which 20 ml of sterile S agar containing 0.1# triphenyl 
tetrazolium chloride was added to each plate at a temperature 
of approximately 50 G. The new agar layer was allowed to 
solidify, and the plates were incubated for three hours. At 
the end of this time, plates were examined for intense red 
zones indicative of stimulated metabolism due to the utiliza­
tion of the compound applied. A concentration of 2.8 mg of 
adenine per ml was used in this study; higher concentrations 
were found to be inhibitory. Due to the relative insolubility 
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of AICA-r, It was used at a concentration of 2.8 mg per 
milliliter. The remaining compounds used in this experiment 
were prepared at a concentration of 4.0 mg per milliliter. 
The purpose of this experiment was to compare the utiliza­
tion of uracil, purines, and purine intermediates by purine-
dependent mutants of _S. aureus under reduced oxygen tension 
to their utilization of these compounds under normal oxygen 
tension. 
Cross-feeding 
This experiment endeavored to place the mutants of both 
bacterial species in sequential order of biochemical blocks 
through cross-feeding patterns. The supernatant fluids of 
derepressed cultures of purlne-dependent mutants of S. 
typhimurlum (derepressed as described in Biochemical Studies) 
were lyophllized to dryness and rehydrated in 0.2 ml of de-
ionized water. Approximately 0,01 ml of each reconstituted 
culture fluid was placed upon S agar plates Individually 
g 
Inoculated with approximately 10 cells of either class I 
purlne-dependent mutants of S_. aureus or class I purlne-
dependent mutants of S. typhimurlum. Experimental plates 
were scored for zones of enhanced growth after a period of 
72 hours of incubation at 37 C. 
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Effect of purine concentrations on growth 
The effect of increasing concentrations of adenine, 
guanine, and hypoxanthine on the growth of mutant pur 1-137 
was tested by measuring the optical density (O.D.) of the S 
broth cultures containing various levels of these purines 
after a 2k hr period of incubation in a water bath shaker. 
Biochemical Studies 
Various solvents were compared for their capacities to 
separate several purine derivatives by ascending chroma­
tography; these are propanoliNH^OH (3:1, v/v), propanol: 
glacial acetic acid:water (7^:^:20, v/v); butanol: 6N NH^OH 
(6:1, v/v); methanol: water: conc. HCl (7:1:2, v/v); 
isopropanol:water (70:30, v/v), with 0.35 ml conc. NH^OH 
added per liter of jar volume; propanol:water (60:40, v/v); 
95^ ethanol:water (77:23, v/v); methanol: formic acid (88# by 
weight):water (80:15:3, v/v); and isopropanol:water:10 N HCl 
(66:33:1, v/v). Also, the relative merits of Whatman no. IM 
and no. 3MM chromatography papers, as well as silica gel HF 
and Kieselguhr powders for thin-layer chromatography, were 
compared. 
Prior to their growth in S broth under conditions 
allowing the accumulation of intermediates of purine bio­
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synthesis, mutants were preadapted to growth in S broth. 
From a l8-hr BHI agar slant culture, sufficient cells were 
inoculated into ^ ml of 8 broth containing 20 ug of adenine 
per ml to give an initial O.D. of about 0.3. After in­
cubation for 24 hr at 37 C with constant agitation, (final 
O.D. c.a. 2.0), 0.1 ml was transferred to ^ ml of S broth 
containing 2.0 ug of adenine per ml; these cultures were 
agitated in a similar manner for 72 hours. At the end of 
this period, the culture fluids were centrifuged (1500 x g, 
15 min.), the supernatant fluids removed and lyophilized to 
dryness. Each residue was reconstituted in 0.2 ml of 
deionized water and approximately 30 ul of each spotted on 
Whatman No. 3MM paper. Chromatograms were developed in 
propanol:NH^OH (3:1, v/v), examined by UV light after 
developing and drying, and subsequently sprayed with a 
modified Pauly's diazo-spray reagent (Ames and Mitchell, 
1952). The reconstituted culture fluids remaining after 
use for chromatography were diluted to.5-0 ml with deionized 
water and used for determination of ultraviolet absorption 
spectra through a range of 220 mu to 300 mu. The recon­
stituted culture fluid of the parent strain was used as the 
reference during double beam scan operation. 
The concentrations of pentose and diazo-positive 
materials in derepressed culture fluids of purine-dependent 
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mutants were determined by the methods of Drury (1948) and 
Bratton and Marshall (1939), respectively. 
Transduction . 
In those experiments where multiple transductions were 
required, cells of each mutant to be used as a recipient 
were prepared by harvesting cells from fourteen 12-hr BHI 
agar slant cultures in 17 ml of P and D broth and stored at 
4 C with no more than 72 hr elapsing between time of harvest 
and use in transduction. In those experiments where single 
transductions were required, cells of each, mutant to be used 
as a recipient were prepared by harvesting cells from one 
12-hr BHI agar slant culture each. 
For transduction purposes, a multiplicity of infection 
(m.o.i.) of 0.5} using 0.5 ml of recipient cells, the 
appropriate volume of the transducing phage lysate, and suf­
ficient sterile P and D broth to produce a final transduction 
suspension of 2.0 ml was used. Transduction suspensions, 
contained in centrifuge tubes, were agitated at a setting of 
10 for one hr at 37 C in a slanted position of approximately 
6o° from the horizontal plane of the water bath rack. 
Cells were collected from the transduction suspension by 
centrifugation (5800 X g, I5 min.), and resuspended in 5.0 ml 
of sterile deionized water. One-tenth ml volumes of this 
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suspension were spread with the aid of sterile bent glass 
rods on ES agar plates and also on other enriched ES agar 
plates if required by the protocol of the particular experi­
ment; reversion frequencies were determined by inoculating 
ES agar plates with equivalent numbers of uninfected cells 
of each mutant. 
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RESULTS 
Isolation of Mutants 
Of the 832 diethyl sulfate-induoed purine-dependent 
mutants originally isolated and exhibiting the same phage-
typing pattern as the parent strain, approximately 400 began 
reverting within the first month and gave a very leaky 
appearance when grown on S agar. These mutants, which were 
discarded, exhibited a progressively higher reversion fre­
quency at each transfer, ultimately leading to a wild-type 
growth response on S agar. Within a year, the same phenomenon 
occurred in approximately 300 of the remaining mutants; re­
peated attempts at reisolation from single clones generally 
proved to be unsuccessful in recovering these mutants. 
During heat mutagenesis, an average of fourteen colonies 
were obtained on each plate from the cell population grown at 
65 C; those cultures grown at 53 C produced colonies in excess 
of 300 per plate. The frequency of purine-dependent mutants 
— 2 per viable cell was approximately ? X 10" at 65 C and 3 X 
10-3 at 53 C. 
Of interest are the facts that only three class IV 
mutants were obtained through diethyl sulfate mutagenesis, 
none through, heat mutagenesis at 53 C, and 18 through heat 
mutagenesis at 65 0. Furthermore, as one might expect, due 
14,14, 
to the number of enzymatic conversions associated with class 
I, the majority of mutants (resulting from all mutagenic 
treatments except heat treatment at 65 C) were found to be 
in class I. Only class IV mutants were found as a result 
of the latter treatment. Mutants_isolated after heat 
mutagenesis were found to be non-identical alleles, indicating 
that each mutant arose as the result of an independent muta­
tional event. 
Nutritional Studies 
Growth response to purines and purine derivatives 
Of the mutants isolated, 110 were placed in class I, 
seven in class II, three in class III, and 21 in class IV. 
In general, most mutants were able to utilize exogenous sup­
plies of the ribosides of the purine bases as well as the 
bases themselves. The ribotides which, were utilized were 
AMP, IMP, and in one instance, GMP. AICA-r was not utilized 
by any of the class I mutants even though AICA was. The 
sole mutant utilizing GMP was not able to grow in the 
presence of any other purine in the free, ribosidyl, or 
ribotidyl forms. 
Table 4 describes the growth response of several mutants 
under semi-anaerobic conditions using the "poke plate" 
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Table 4. The growth responses of purine-dependent mutants 
of Staphylococcus aureus to hypoxanthine (H), 
adenine (A), guanine (G), xanthine (X), xanthosine 
(Xo), guanosine (Go), GMP, AMP, AICA, IMP, and 
uracil (U) using the technique of Mande11 (I963) 
Mutant Growth response^ 
strain H A G X Xo Go GMP AMP AICA IMP u 
655 pur+ + + + + + +4-
1-91 ++ ++ ++ ++ 4-4- ++ ++ ++ ++ ++ 
1-81 ++ ++ ++ 4-4- ++ _ — — ++ ++ 
H
 1 CO
 
++ ++ _ _ — _ ++ ++ 
I-ll — ++ ++ — _ — — — 4-+ 
1-63 — ++ ++ _ — » — — ++ 4-4-
M
 1 
-
0
 
_ ++ ++ _ — 4-h — — ++ 4-4-
F-167 ++ ++ ++ -f-+ 4-4- 4-4- ++ ++ ++ -f4-
P-62 ++ ++• ++ +4- 4-4- 4-4- ++ ++ ++ 4-4-
F-105 ++ ++ +4- 4.4. 4-4- 4-4- ++ ++ ++ 4-4-
P-108 ++ ++ ++ 4-4- 4-4" ++ ++ ++ 4-4-
P-133 + ++ ++ 4-4- 4-4- — — ++ ++ 4-4-
P-137 — — ++ 4-4- — — ++ 4-4-
F-83 — — ++ — — — — — — 4-4-
P-10 ++ — — ++ M __ _ _ ++ ++ 4-4-
D-183 + ++ ++ 4-4- ++ — ++ 4-4-
D-9 ++ ++ — — — — ++ ++ ++ -f-f-
G_171 ++ + ++ ++ ++ 4-4- . — — ++ - 4-4-
E-I60 ++ ++ mm — — — ++ ++ ++ 4-4-
E-22 ++ ++ ++ +4- + + 4-4- _ ++ — +4- 4-4-
H-72 ++ ++ ++ -}-+ — _ . « — — ++ 4-4-
H-llS — ++ ++ — — — ++ ++ — 4-4-
A-97 - ++ — — - - - - ++ - 4-4-
Kua A-76 - - ++ - ++ 4-4- — - - - 4-4-
Kua A-I59 
%ua A-44 
-
— ++ 4-4- - 4-4- - - - - 4-4-
-
-
++ 4-4-
-
4-4-
-
++ 
-
++ 4-4-
^Growth responses were scored as follows: + = poor, 
++ = good, - • none. 
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technique (Mandell, 1963). Of interest, is the variability 
in utilization of the various purines in the free, ribosidyl, 
and ribotidyl base forms. Particularly relevant to the 
physiology of S. aureus, is the marked growth, response of 
wild-type and purine-dependent mutants to uracil under re­
duced oxygen tension using the technique of Mandell (1963)» 
and an almost indiscernible response to purines by wild-type. 
Neither uracil nor any of the purines stimulated the growth 
of wild-type under aerobic conditions using the stimulation 
technique of Kloos (1964). Uracil did not stimulate any of 
the purine-dependent mutants using this technique. 
In no instance was the growth of a class I mutant of 
S. aureus or S. typhimurium stimulated by imidazole or 
glycinamide. Also, none of the class I mutants of S. 
•typhimurium were stimulated by PGA. 
Those mutants whose growth was stimulated only by guanine 
or xanthine were assigned to the gua A group, while those 
mutants whose growth was stimulated by guanine only were 
assigned to the gua B group. 
The growth of mutant pur J-15-9 was not stimulated by 
AICA or PAICA, but was stimulated by inosine, guanine, xan­
thine, and hypoxanthine. This mutant is believed to be 
blocked in the conversion of PAICAR to IMP. 
Class I mutants which were not stimulated by AICA, but 
were stimulated by PAICA and inosine were assigned to the 
47 
pur H group. These mutants are "believed to be blocked in the 
conversion of AICAR to PAICAR. 
Class I mutants whose growth was stimulated by inosine, 
FAICA, AICA, and FGA were assigned to group pur P. This 
group includes.mutants which are believed to be blocked in 
the synthesis of PGAE. Several mutants were stimulated by 
inosine, FAICA, and AICA, but not by PGA; this group could 
not be further subdivided by this technique. 
Cross-feeding 
The biochemical blocks of mutants pur F-407, pur D-312, 
pur G-310, pur 1-305^ pur C-2, and pur E-ll of S. typhimurium 
were placed in order as a result of the cross-feeding patterns 
produced with respect to each other. The order of these 
mutants with respect to their biochemical blocks is believed 
to be: pur F-407, pur D-312, pur G-310, pur 1-309, pur E-ll, 
pur C-2. 
The pur F mutants of S. aureus, which, were stimulated in 
growth by FGA, were further subdivided into two groups, pur F 
and pur D on the basis of the patterns of cross-feeding ob­
tained between these mutants and the purine-dependent mutants 
of S. typhimurium. The growth of mutants assigned to the new 
pur F group were stimulated by the concentrated derepression 
culture fluids of all mutants of S. typhimurium. Mutants 
assigned to the pur D group were stimulated by all of the 
48 
culture fluids of the mutants of S. typhimurium except pur 
F-407. It seems likely that the pur P and pur D mutants of 
S. aureus are "blocked in reactions earlier than those 
associated with the pur P and pur D mutants of S. typhimurium, 
since the growth of mutants pur P-407 and pur D-312 of S. 
typhimurium was not stimulated by their own culture fluids. 
Cross-feeding studies with class I mutants of S. aureus 
which were stimulated by inosine, FAICA, and AICA, but not 
PGA, produced inconsistent results, thus preventing any 
further delineation of subgroups by this method. 
During the course of nutritional studies, the growth of 
certain mutants was observed to be inhibited not only by 
purine compounds and purine intermediates, but also by re­
constituted culture fluids of S. typhimurium. The inhibitory 
zone was generally encircled by a halo of stimulated growth. 
Inhibition is apparently characteristic of only certain 
mutants, since no correlation was found between inhibition 
and the amount of additive placed upon the S agar plates 
inoculated with these mutants. 
In no instance were purine-dependent mutants of S. 
typhimurium strain LT-2 or mutants of S. aureus strain 655 
cross-fed by these parent strains. 
4-9 
The effect of varying purine concentrations on the growth of 
mutants of S. aureus 
The effect of increasing concentrations of adenine, 
guanine, and hypoxanthine in S broth on the growth, of mutant 
pur F-137 was tested by measuring the optical densities (O.D.) 
of the cultures after 24 hours. Hypoxanthine was not found 
to exert any inhibitory effect at the concentrations tested, 
but guanine was found to progressively inhibit growth in S 
broth at concentrations exceeding approximately 11.0 ug per 
milliliter. With increased concentrations up to 25.0 ug per 
ml, adenine was found to increase growth progressively as 
measured turbido-metrically; above 25 ug per ml, a sharp 
decrease in growth was observed, with no growth occuring at 
30.0 ug per milliliter. These results are shown in Figure 2. 
Biochemical Studies 
Chromatography 
The propanol:NH^OH (3:1, v/v) solvent was most effective 
in separating the purines and purine intermediates; this 
solvent was used for the chromatographic development 
(ascending) of reconstituted culture fluids of derepressed 
mutants. Whatman no. 3MM paper was used, since it was more 
suitable than Whatman no. IM paper in retention of relatively 
large volumes of sample. While Kieselguhr and silica gel. 
Figure 2. The effect of varying purine concentrations upon the growth of the 
purine-dependent mutant pur F-137 of Staphylococcus aureus in S 
broth 
Growth was measured turbidometrically with respect to optical 
density (O.D.) at a wavelength ( ) of 535 mu. 
2.0 - adenine 
guanine 
hypoxanthin e 
O 10 20 30 
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used in thin-layer chromatography techniques, were found, to 
be more suitable than paper in the resolution of accumulations 
and the retention of culture fluids, the Pauly-positive 
colors were found to fade too rapidly for measurement and 
photography. 
Mutant pur Ba-5 of S. aureus and mutant pur B-12 of S. 
typhimurium were used to determine the optimum concentration 
for the derepression of purine auxotrophs. Concentrations 
of 1.0 ug to 10.0 ug per ml of adenine, guanine, xanthine, 
and hypoxanthine in S broth were employed. The results of 
this study (Table 5) demonstrate that adenine, at concentra­
tions of 1.0 or 2.0 ug per ml, was the most effective in 
permitting derepression of mutant pur Ba-5 of S. aureus. 
Guanine, xanthine, and hypoxanthine were found to be relative­
ly ineffective in permitting the accumulation of detectable 
amounts of the intermediates. 
Fourteen mutants of class IV were found to accumulate a 
reddish-orange Pauly-positive compound with a Rf value of 
0.02, believed to be either SAICA-r or SAICAR. This accumu­
lation has the same characteristics as the material accumulated 
by mutant pur B-12 of S. typhimurium, identified by Gots and 
Gollub (1957) to be SAICA-r. These mutants were assigned a 
pur B phenotype. Six of the class IV mutants failed to ac­
cumulate any Pauly-positive material, and were designated as 
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pur A mutants. These mutants accumulated a UV-absorblng 
material with a Ef value corresponding to the inosine 
standard. 
Mutants belonging to groups gua Aoand gua B accumulated 
intermediates which have been identified as hypoxanthine and 
xanthine, respectively, on the basis of Ef values and Pauly-
positive color reactions. Both hypoxanthine and xanthine 
produce a yellow-orange coloration when sprayed with Pauly's 
spray reagents. 
Mutants designated pur H accumulated a reddish-purple 
Pauly-positive compound identified as AICA-r, and a yellow 
Pauly-positive compound having the characteristics of 
imidazole carboxamide. 
Mutant pur Ba-26 accumulated SAICA-r, and a green Pauly-
positive compound with a Ef value corresponding to the FAICA 
standard. This is the only mutant which accumulated this 
compound in significant amounts, although pur J-15-9 did 
appear to accumulate FAICA to a lesser extent. AICA-r was 
also accumulated by mutant pur J-15-9. 
Mutants in the pur P, pur D, pur G, and pur I groups 
did not accumulate Pauly-positive purine intermediates. 
Mutants were assigned to groups pur £ and pur E on the basis 
of an accumulation of a yellow pigment with an absorption 
maximum at 300 mu, reported by Gots (1957) to be associated 
with, these phenotypes, a pink Pauly-positive accumulation 
with a Ef value of 0.^4, tentatively identified as AIE, and,, a 
yellow Pauly-positive accumulation identified as imidazole 
carboxamide, with a Rf value of 0.23. In addition, pur E 
mutants accumulated a bluish-purple Pauly-positive compound 
with a Rf value of 0.72, believed to be carboxy-5-aminoimida-
zole (c-AI), and a Pauly-positive compound of the same color, 
but of less intensity, with a Rf value of 0.28, believed to 
be c-AI riboside. The Rf values of these accumulations agree 
with those of the pur Ç and pur E mutants of S. typhimurium, 
with the exception of those of pur C-2, which, was found to 
accumulate C-AI as well as AIR. Mutant pur C-2 was found to 
be leaky when grown on S agar, and it was assumed that the 
leakiness was responsible for accumulation of c-AI. AIR, 
accumulated by pur Ç and pur E mutants of S. aureus, has the 
same characteristics as those described by Gots et . (1959)• 
The Rf values of the accumulations described above correspond 
closely to the Rf values reported by Long (I96I) for these 
compounds. 
Those class I mutants of S. aureus which were not 
stimulated by FGA, and did not accumulate Pauly-positive 
materials discernible by paper chromatography, were differ­
entiated into groups pur G and pur I solely on the basis of 
genetic complementation. 
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Figure 3 compares the intermediates accumulated in de-
repressed culture fluids by representatives of the mutant 
groups of S. typhimurium and S. aureus. 
W absorption studies of culture fluids 
The culture fluids of the mutants in groups gua A, gua B, 
pur A, and pur B produced an absorption maximum of 260 mu. 
Mutants in groups pur Ç, pur E, and pur H released inter­
mediates with absorption maxima at 260 and 300 mu. Mutants 
in groups pur G and pur I released intermediates with an 
absorption maximum of 26o mu, while culture fluids of mutants 
in groups pur F and pur D possessed an absorption maximum of 
24-0 mu. A comparison of the UV absorption spectra of 
representatives of mutant phenotypes of S. aureus and S. 
typhimurium which are blocked in conversions leading to the 
synthesis of IMP are shown in Figure 4-. 
Table 5 summarizes the phenotypic characteristics 
associated with each purine-dependent mutant of aureus. 
Transduction 
Experimental conditions 
The effects of various m.o.i.'s used in the trans­
duction suspensions on the frequency of transduction of 
Figure 3. A comparison of the ultraviolet absorption spectra of derepressed 
culture fluids of representatives of mutant groups of Salmonella 
typhimurium and Staphylococcus aureus 
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Figure A diagrammatic representation of paper chromatograms of derepressed 
culture fluids of purine-dependent mutants of Staphylococcus aureus 
and Salmonella typhlmurium. The numbers at the base line refer to 
pur F-105, pur C-37, pur E-I60, pur Ba-9, pur H-11, pur J-15-9, 
pur A-416, gua A-76, and gua B-3, the purine-dependent mutants of S. 
aureus ; the remaining numbers at the base line refer to pur F-^07, 
pur C-2, pur E-11, pur B-12, pur H-237, and pur A-11, the purine-
dependent mutants of S. typhimurium. STDS refers to the position 
where the standards were applied. The numbers u, 1, 2, 3, 4, 5a, 
6, 7, 8, 9» 10a, and 10b refer to the compounds, unknown, C-AI, AIR, 
c-AI-r, SAICA-r, AICA-r, AICA, FAICA, inosine, hypoxanthine, xanthine, 
derivative of S-AMP, and S-AMP, respectively. 
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Table 5. The growth responses to derepression culture fluids of purine-dependent 
mutants of Salmonella typhimurium and purine derivatives, and the ultra­
violet absorption maxima and purine intermediates accumulated in de­
repression culture fluids of purine-dependent mutants of Staphylococcus 
aureus 
n 4-1 4.. n n a Purine^ Absorp-
Mutant — Growth stimulation by: intermed. ' tion 
strain F D G I C E FGA Ai Fa I A G X Hx accumulated maxima 
E-S26 + + + + + + + + + + + + + + . — 260,300 DES 
F-93-15 (+) (+) (+) (+) (+) (+) + + + + + + + + — 260,300 H 
F-53-22 + (+) (+) (+) + + + (+) + + + + + + H 
1-16-2 + 4- + + + + 
-
+ + + (+) + + + 
— 2^0 DES 
F-987 1+) (+) (+) (+) (+) (+) (+) + + + (+ ) + + + 260,300 DES 
F-133^ (+) (+) (+) (+) (+) (+) (+) + + + (+) + + + SAICA-r 260,300 UV 
The derepression culture fluids of purine-dependent mutants pur F-lQi-t-, pur 
D-312, pur G-310, pur I-30S, Pur C-2, and pur E-11 of S. typhimurium, respectivelyi 
The purine intermediates formylglycinamide, ^-amino-4-imidazole carboxamide, (N)-
formy1-5-amino-^-imidazole carboxamide, and the purines inosine, adenine, guanine, 
xanthine, and hypoxanthine, respectively. The symbols 0, and (+), and + refer to 
inhibition, graded stimulation, and stimulation, respectively. 
^Intermediates accumulated are (N)-succino-5-amino-^-imidazole carboxamide 
riboside (SAICA-r), 5-&minoimidazole riboside (AIR), 5-amino-^-imidazole car­
boxamide riboside (AICA-r), carboxy-aminoimidazole (c-AI), formyl-5-amino-
imidazole carboxamide (F2), hypoxanthine (Hx), xanthine (X) and inosine. 
^The mutagens used to induce the mutation were diethyl sulfate (DES), W 
light(UV), and heat (H). The symbol unk refers to unknown. 
^Leaky mutant. 
Table 5' (Continued) 
Purine^ Absorp-
Mutant Growth stimulation by:^ intermed. tion 
strain P D G I C E PGA Ai PA I A G X Hx accumulated maxima 
P-83 (+) (+) ( + ) ( + ) (+) ( + ) + + + + (+) + + + 24p W 
P-108 4- + + + + + + + + + W 
P-273 + + + + + + + + + + DES 
F-874 (+) + + + + + + + + + AIE 260 DES 
o
 
H
 1 + + + + + + + + + + —  — —  260 W 
P_8 + + + + + + + + + + DES 
P_53_25® + + + + + + + + + + 260 H 
+ + + + + + + + + + 260,300 DES 
P-491 + + + + + + + + + + 250 DES 
1-43 + + + + - + - + + + AICA-r 260,300 UV 
1-93-26  + + + + + + - + - + + + 260,300 H 
P^ + + + + + + + + + 250 unk 
P-137 + + + + + + + + + + + + + 2^0 W 
P-167 + + + + + + + + + + + + + + 2^0 UV . 
1-91 
®High reversion rate. 
Table 5» (Continued) 
Mutant 
strain 
Growth stimulation by:^ 
Purine 
intermed. 
accumulated. 
Absorp­
tion 
maxima F D G I G E FGA Al FA I A G X Hx 
F-62  + + + • + + + + + + + + + + — 240 uv 
F-4 + + + + + + + + + + + + 240 unk 
p-105 + 4- + + + + + + (+) + + + 240 UV 
D-14 - (+) - + 
-
- -
+ + + + + + SAICA-r 260 DES 
I-I6 
-
(+) + 
- . -
+ + + + + + + 
— 24o DES 
D-183 
-
(+) + + + + 
-
+ + + + + + + 260,300 UV 
D-9 ( - )  + + + + + + 4- + + + + 260,300 uv 
D-78 - + + + + . + + + + + + + + 260,300 UV 
D-21 
-
+ (+) (+) (+) (+) + + + + + + + + AICA-r 260 DES 
1-77 - - + + + - 260 UV 
E-22 
- -
-
-
+ + + + + + + + + c-Ai 260,300 UV 
1-866 
- -
-
+ + + + + + + + + AIR 260 DES 
C-393° 
- -
-
-
-
+ + + + + + + AIR 260 DES 
1-81 + + + + + + + 260 UV 
G-1830 + + + + + + + 260 DES 
Table 5« (Continued) 
Purine^ A"bsorp-
Mutant Growth stimulation "by; intermed. tion 
strain F D G I G E FGA Ai Fa I A G X Hx accumulated maxima M 
I 84 0 + + (+)(+)(+)+ + —  —  —  260 W 
I SO + + + + + + + 260,300 UV 
I-ll + - - - - - + + + + + + —  "  —  unk 
1 H
 O
 
1 + + + + + + 260 unk 
D-40 + + + + + 
-
+ + + + + + + 260,300 DES 
X-15-20^ - - - - - - + + + + + + + W-DES 
1-66°  + + + + + + DES 
X l6l + + + + + + DES 
1-399 + + + + + + DES 
G-221 + + + + + + 260,300 DES 
G-11-4 
- - - - - -
+ + + + + + + AICA-r 260,300 DES 
G-15-50 - - - - - - - + + + - + + + UV-DES 
H-^l^ + + + + + + AICA-r 260,300 DES 
H-i+Ol + + + + + + —  —  —  260,300 DES 
G-171 + + + (+) + + + 260 UV 
C_37° + + + + + + + + AIR 260,300 DES 
C-46 - + + + + + + + 260,300 DES 
E-16O + + + + + + c-Ai 260,300 UV 
E_832 + + + + + + —  — —  260,300 DES 
E-33 - + + + + + + 260,300 DES 
Table 5- (Continued) 
Purine Absorp-
Mutant Growth stimulation by; intermed. tion 
strain F D G ICE PGA Ai Fa I A G X Hx accumulated maxima 
G -962 - - - - - - -  +  +  +  + +  +  —  D E S  
x-23 - - - - - - -  +  +  +  + +  +  D E S  
G-53-17 - - - - - - - + + + ++ + UV-DES 
1-63 + + + +++ 250 U V  
1-3-62 - - - - - - _+ + + (_) + + .+ 260 UV 
X-32 - - - - - - - - + +(-)+++ 260,300 
H-18° - - - - - - - - + + + ++ + AICA-r 270,300 DES 
X-17 + + + + AICA-r DES 
1-49 + + + + + + + +++ AICA-r 260,300 DES 
H-72 - + - + - - - - + +(-)+++ 300,260 UV 
H-87 - - - - - - - + +(+)+++ 260 DES 
H-104 - - - - - - _ + +(_)+++ 260,300 DES 
H-115 - - - - - - - + +(-)+++ 260,300 UV 
H-563 - - - - - - -++(+)+++ SAICA-r 260,300 DES 
H-lS-28 _++(_)+++ UV-DES 
H-11— 5 — — — - - - — _ + + + ++ + SAICA-r DES 
J 15-9 - - - — - — - __ + —+ ++ Fa UV-DES 
D-373° 0 + + + + + + + + + ++ + AIR 260 DES 
gua A-10-
5o-l - - - - - - - Hx 300,260 DES 
Table 5- (Continued) 
Purine^ Abso^p-
Mutant Growth stimulation by: intermed. tiori 
strain F D G I C E FGA Ai Pa I A G X Hx accumulated maxima 
^xxs. A——  —  —  —  —  —  —  — —  +  - h —  H x  U V  
— —' — — — — — — — — — H" — Hx UV 
p^jxsi A—76 — — — — — — — — — — — 4" 4" — Hx UV 
^ua A-52 - - - " - Hx 260 DES 
g(:ua B-238 - - - - - - - X DES 
B—13 — — — — — — — — — — — 4" — — X DES 
B--295 — — — — — — — — — — — "t"— — X DES 
^ua^^B^2^ — — — — — — — — " — — 4" — —. X unk 
23 - - - - - - - — W-DES 
A—2 — — " 4" — — — —•—— DES 
B-5 SAICA-r unk 
6-65-12 " H 
B-26 " DES 
B-65-18 • " H 
B-66-7 - - - - - - - - - SAICA-r H • 
B-69-20 - - - - - - - " H 
B—6 5 —1^ — _  —  —  —  —  —  —  " t " — .  — — " H 
B—65—16 " H 
B-65-9 - - - - - - - " H 
Table 5* (Continued) 
Purine Absorp-
Mutant Growth stimulation by: intermed. tion 
strain P D G I C E FGA Ai Fa I A G X Hx accumulated maxima 
B—6 5 ""3 — ~* — — — — — — — — + — SAICA—r H 
B—05 ~19 — — — — — — — — — — + — " H 
B-572 - - - - - - - _ DES 
B—65—^ — — — — — — — SAICA—r H 
A-27 - - - - - - Inosine DES 
B—65 —15 — — — — — — — — — SAICA—r H 
B-65-8 " H 
A-4l6 - - - - - - - - - Inosine DES 
A-97 - - - - - - - Inosine UV 
— — — — — — — —. —  —.-f"— — — — —  DE S 
621® 0 0 0 0 0 0 DES 
67 
Table 6. The effect of varying the multiplicity of infection 
(m.o.i.) on the frequency of transduction using 
phage 83/655 and mutant pur A-2 as recipient 
Plating 
Frequency 
at m.o. 
of transduction 
i.'s of:& 
Recipient medium 0.5 1.0 2.0 4.0 
pur A-2 S agar 52 34 10 22 
pur A-2 ES agar 61 65 
CM 00 
^The frequency of transduction per 0.1 ml of a 10 ^  
dilution of the transduction suspension. 
mutant pur A-2 by phage 83/655 was investigated. The re­
sults of this experiment, shown in Table 6, indicate that a 
m.o.i. of 0.5 was optimum. A m.o.i. of 0.5 was used in all 
further experiments on the basis of these results. 
Several other variables were tested in order to deter­
mine conditions optimal for transduction, using phage 83/655 
and mutant pur A-2. The transduction suspensions were shaken 
using a Burrell Wrist Action Shaker operating at a setting 
of 10. Table 7 compares the frequencies of transduction 
associated with each variable, dilution, and plating medium. 
From this experiment, it was found that.a) sodium citrate 
does not inhibit the expression of transductants if used as 
a suspending medium in lieu of saline; b) the frequency of 
transductants recovered is higher when the infected cells 
Table ?. The effect of selective media, shaking time, washing, suspending 
medium, and Inoculum size upon the frequency of transduction of 
mutant pur A-2 of Staphylococcus aureus by phage 83/655 
Tube dilution Suspending medium Shaking Frequency of transduction using:^ 
plated for plating times S agar ES agar S agar + I 
1 X 0.5^ Na citrate 0.5 hr 44 54 44 
5 X 10-2 tf II 15 19 18 
1 X 10-? 0.5# NaCl II 47 47 4o 
5 X 10-2 II II 25 14 19 
1 X 
H
 1 o
 
I—1 II 1.0 hr 44 4? 50 
1 X 10-1 If 2.0 hr 49 49 53 
5 X 10-1 1» II 8 17 . 23 
^The number of transductants observed per 0.1 ml of the dilution of the 
transduction suspension designated under the heading. Tube dilution plated. 
S agar + I is S agar containing 2 ug of inosine per milliliter. 
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are spread on ES agar rather than on S agar; c) an initial 
dilution of 5 X 10"^ of the infected cells results in a 
lower observed transduction frequency than an initial dilu­
tion of 1 X 10"^; and d) although the number of trans-
ductants expressed after a 72 hr period of incubation varies 
little with the shaking times of 0.5, 1.0, and 2.0 hr, 
shaking times of 0.5 or 1.0.hr result in the appearance of 
prototrophic colonies produced as a result of transduction 
sooner than those recovered after a shaking time of two 
hours. Although not included in Table 6, the effect of UV 
irradiation of the transducing phage on the frequency of 
transduction was also investigated. After irradiation of 
a ^  ml sample for 10 minutes at a distance of 28 inches 
from a 30 watt General Electric Germicidal bulb, the phage 
gave rise to about twice as many recombinants when used for 
transduction. Abortive transductants were not obtained from 
transductions suspensions prepared with the irradiated 
lysate. 
In order to accomodate the agitation of more transduction 
suspensions at one time, a water bath shaker was employed in 
the agitation of transduction suspensions at a setting of 10 
for different lengths of shaking times. It was found that 
the number of transductants recovered after a shaking period 
of one hour with this instrument was equivalent to the 
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number recovered after a shaking period of 0.5 hr with a 
Burrell Wrist Action Shaker. 
S agar and S agar containing levels of 0.^%, 1.0%, and 
1.5% nutrient broth were tested to determine the level of 
enrichment allowing the best expression of abortive colonies 
without a loss in transduction frequency. The number of 
transductants recovered from the transduction suspension on 
these media were virtually identical; however, S agar con­
taining 1.0% and 1.5% concentrations of nutrient broth 
allowed excessive growth of the background, thus obscuring 
the differentiation of abortive colonies from mutant 
colonies when transduction plates were observed through a 
dissecting microscope. S agar containing 0.5% nutrient 
broth was used for the plating of transduction suspensions 
and uninfected cell suspensions used as controls in further 
transduction studies. 
In the past, most investigators of this laboratory 
have used separate and freshly prepared BHI agar slant 
cultures of recipient cells for the preparation of trans­
duction suspensions. Not only is this procedure time-
consuming, but it is also a potential source of error due to 
the variation in the number of cells present in each recip­
ient cell preparation. An obvious answer to both problems 
was a large preparation of cells which, could be refrigerated 
and repeatedly drawn from for a few days, if it could be 
71 
assumed that the recipient capacity for transduction would 
not be altered during storage. In order to test whether or 
not the recipient capacity of mutant cells is altered at any 
time over a period of three days* storage, cells from six 
BHI agar slant cultures each of mutant pur A-4l6 and mutant 
gua A-159 were suspended in eight ml of P and D broth and 
placed in separate screw cap test tubes and stored at 4- C. 
Stored cells of these two mutants were assayed for their 
recipient capacity after storage periods of 24 hr, 48 hr, 
and 72 hr by infecting aliquots of these cells and aliquots 
of cells of the same mutants prepared from freshly incubated 
BHI agar slant cultures (12 hr incubation) with a 83/655 
lysate. Reversion frequencies for both stored and unstored 
cells were also determined each day. The results of this 
experiment (Table 8) indicate that the storage of cells at 
4 C over a period of 72 hr does not appreciably affect the 
recipient capacity. 
Co-transduction can occur if the locus of a mutant used 
as a recipient of an infecting lysate which was prepared in 
another mutant happens to be located sufficiently near the 
locus which is mutated in the donor strain such that a 
bacterial chromosome fragment carried by a transducing 
particle carries the two genes with which the impaired loci 
are associated. An infected recipient cell can either 
incorporate the part of the transduced fragment which would 
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Table 8. A comparison of the transduction frequencies of 
purine-dependent mutants of Staphylococcus aureus 
obtained with a 83/655 transducing lysate using 
freshly prepared and refrigerated ( ^  C) stored 
recipient cells 
Storage period of : Transduction frequencies using:®' 
Recipient Lysate Cells Fresh cells Stored cells 
gua A-159 1 day 24 hr 243 24&. 
pur A-4l6 If ft 16 19 
gua A-159 2 days 48 hr 237 258 
pur A-4l6 ft ft 18 19 
gua A-159 3 days 72 hr 202 229 
pur A-4l6 tf I f  ' 13 15 
-, The number of trans due tant s observed per 0.1 ml of a 
10~ dilution of the transduction suspension, corrected for 
reversion frequencies. 
repair its own mutation site and subsequently produce a 
prototrophic colony, or incorporate a larger section of the 
transduced fragment carrying the mutation site of the donor 
strain as well. The latter case would result in the trans­
formation of a recipient to an identical allele of the donor 
strain; this cell would produce either a small colony or no 
colony at all. The greater the distance between the two 
loci, the less frequently does the latter case happen, and 
conversely. If a recipient cell does Incorporate a fragment 
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carrying the impaired locus of the donor strain, and the 
recipient cells are blocked in a conversion later in a bio-
synthetic pathway than the donor cells, nutrient concentra­
tions of the medium upon which the transduction suspensions 
are to be spread can often be adjusted to cause the dere­
pression of the mutant recipient cells sufficiently to allow 
the growth and appearance of donor-type colonies by feeding 
the donor-type cells the accumulated intermediate of their 
impaired pathway. Genetic studies made with environmental 
conditions allowing for the expression of donor-type colonies 
as a result of co-transduction are useful in determining 
which loci lie in relatively close proximity of one another 
(linked loci) on the bacterial chromosome under investigation. 
The estimate of the distance separating two linked loci is 
determined by the probability of independent integration (p), 
a decimal calculated by dividing the number of prototrophic 
recombinants by the number of prototrophic recombinants + the 
number of donor-type recombinants. 
Since donor-type colonies are actually purine-dependent 
and arise from cells which have Incorporated a mutant donor 
fragment, it was necessary to find the purine or purine 
intermediate which, when used at an appropriate concentration, 
would allow sufficient growth of the donor-type cells such 
that both prototrophic and donor-type colonies could be 
scored differentially by visual examination. In an effort 
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to find a medium which would be suitable for this purpose, a 
transduction suspension containing protogrophic recombinants 
and donor-type cells was simulated by mixing cells of one 
purine-dependent mutant from each phenotype with cells of 
strain 655 in equal cell proportions. Each cell suspension 
was diluted to approximately 10"^ cells per ml, and a 0.1 
ml volume of each cell suspension was spread with the aid 
of sterile bent glass rods upon plates of ES agar enriched 
with, different purines and purine intermediates at concen­
trations of 2.0, 4.0, 6.0, 8.0, and 10.0 ug per ml of ES 
agar. These plates were incubated for 72 hr and examined 
to determine which medium had resulted in the best size 
differentiation between prototrophic and auxotrophic 
colonies. The enriched ES agar media which were tested at 
the described purine or purine intermediate concentrations 
were IES agar, FES agar, AES agar, InAdES agar, and AdES 
agar, which contained inosine, PAICA, AICA, inosine plus 
adenine, and adenine, respectively. The EES agar was pre­
pared by adding 10.0 ml of a derepression culture fluid of 
mutant pur E-11 of S. typhimurium to one liter of ES agar 
before sterilization. In all media, the concentration for 
both purines and purine intermediates which exhibited the 
best differentiation between prototrophic and auxotrophic 
colonies was 8.0 ug per milliliter. 
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Transduotlonal analysis 
The upper limit of transduction frequency and the 
capacity to produce abortive transductants for each purine-
dependent mutant of S. aureus was determined by infection 
of a cell suspension of each mutant with phage 83/655* 
In order to determine complementation groups, repre­
sentative mutants from each biochemical phenotype were 
transduced with members of the same phenotype and with. • 
representatives of other phenotypes, and were designated as 
affecting the same gene on the basis of the results of the 
abortive complementation test as described by Ozeki (1956). 
Those mutants, which, when crossed with each other by trans­
duction procedures, produced no abortive transductants when 
the transduction suspensions were plated upon ES agar, were 
designated as members of the same genotype. The minute 
colonies were verified as being abortive transductants by 
their lack of leaky or profuse growth on ES agar, an exceed­
ingly small size, and their absence on plates inoculated with 
transduction suspensions prepared with a UV-irradiated trans­
ducing phage lysate. In general, mutants produced abortive 
transductants on ES agar when crossed with members of other 
phenotypes, but not when crossed with members of their own 
phenotype. However, one instance of intragenic complementa­
tion was encountered; in this instance, abortive transductants 
were produced in crosses between three pur B mutants. Be-
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cause this enzymatic block had been defined with a high 
degree of confidence in nutritional and biochemical studies, 
mutants pur B-5, pur B-26, and pur B-572 were assigned to 
different complementation groups of the same gene; these 
mutants were accordingly designated pur Ba-5, pur Ba-26, 
and pur Bb-572. One mutant, pur-7, did not produce abortive 
transductants when used as a recipient to representatives 
of any other phenotype, but did produce abortive transductants 
with members of other phenotypes when used as a donor. Other 
aberrations in transductional analyses which contradicted the 
use of the abortive complementation test as a criterion for 
defining complementation groups were found in some instances 
where mutants, when crossed with themselves, produced 
abortive as well as prototrophic transductants at frequencies 
exceeding their reversion frequencies. These mutants behaved 
in a manner similar to the selfer mutants of S. typhimurium 
described by Demerec (1962), and were found to exist in 
every phenotypic group with the exceptions of groups pur D, 
pur G, and Kua B. 
A selfer mutant, pur A-2, produced colonies in a variety 
of sizes when crossed with wild-type, with itself, and with 
members of other phenotypes. The transduction frequency 
obtained from the cross 83/pur A-2Xpur Ba-5 was twice as high 
as the frequency obtained when mutant pur Ba-5 was transduced 
with phage 83/655. The colonies were designated as small, 
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medium, or large. These colonies, when isolated and tested 
for their growth responses to exogenous purines, were found 
to give a leaky appearance and to respond to adenine, as did 
the parent mutant, pur A-2. One of the small colonies, when 
used as a donor to the parent mutant, pur A-2, and also to 
mutant pur Ba-5, was found to produce only small colonies 
which, when isolated and tested behaved in the same manner 
as the small colonies. The transduction frequency of pur 
Ba-5 was approximately twice as high as the frequency of 
transduction obtained with a 83/655 lysate. The small colony 
which was originally isolated from the cross 83/pur A-2X 
S X pur A-2, and used for this purpose, was designated P2 
Medium sized colonies, when isolated and tested for their 
growth responses to exogenous purines, were found to behave 
the same as the small colonies; however, only normal-sized 
colonies were produced when cells of mutant pur Ba-5 were 
infected with a lysate prepared in a culture of a medium-
sized colony. Large colonies appeared to be true prototrophs, 
and were not studied further. 
It was reasoned that if the high transduction frequency 
produced in the cross, 83/P2^^Xgur Ba-5 were due to special­
ized transduction of the pur B locus by a temperate bacterio-
S 1 phage inherent to P2 , then the following results should be 
S Î 
obtained using artificially induced lysates of P2 and strain 
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655 for transduction: 1)' the transduction frequency of pur 
Ba-5 should be higher in the cross P2^^/pur Ba-5 than in the 
cross 655/pur Ba-5; 2) mutants of other loci should not be 
repaired at frequencies greatly exceeding their trans­
duction frequencies with wild-type. Artifically induced 
lysates of and strain 655 were prepared using UV-irradi-
ation and Mitomycin C treatments as described in Materials 
and Methods. For controls, lysates were also prepared in 
strain 655(nov), strain 655, mutant pur A-2, and the isolate 
P2®^. Strain 655(nov) was isolated by Dr. Pattee from a 
transductant resistant to novobiocin as a result of the 
cross 8o/U9NOX655- The use of strain 655C%ov) as a donor 
was for the purpose of detecting recombination deficiency 
among the purine-dependent mutant strains which were used as 
recipients, since the parent strain from which they were 
derived does not carry the novobiocin resistance marker. 
The average titer of the artificially induced lysates was 
approximately 4 X 10^ p.f.u. per ml, as determined using 
strain 655 as the indicator strain. The protocol for trans­
duction was followed using the mutants gua A-76, pur A-2, 
pur Ba-5, and pur 1-133 as recipients. A one ml volume of 
lysate was used as the infective dose in those transduction 
suspensions prepared using artificially induced lysates. 
Transduction suspensions were also prepared using the lysates 
83/655(nov), 83/655, 83/P2®^, and 83/pur A-2. The results of 
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this experiment are listed in Table 9. From all of the trans­
duction suspensions, colonies with irregular colony morphology 
were observed. Many of the colonies appeared to be sectored, 
and some possessed a protrusion of growth from the periphery 
of the colony. These results indicate the possibilities of: 
1) temperate bacteriophage being the transduction vectors 
rather than the virulent bacteriophage 83; and 2) specialized 
transduction of three of the four loci studied by a trans­
ducing particle. 
During the phage-typing of the purine-dependent mutant 
strains, a considerable variation in the degree sensitivity 
to lysis was noticed among the isolates, not only to phage 
83, but to others of the typing series. Since, during trans­
duction procedures, it seemed likely that some of the mutant 
recipient cells would be killed by the virulent 83 phage 
contained in the transducing lysate, it was desirable to 
determine the extent of killing of mutant cells during trans­
duction procedures. Reversion frequencies of uninfected re­
cipient cell suspensions are often used a controls in trans­
duction experiments, thus allowing the transduction frequen­
cies to be corrected for the spontaneous revertants. However, 
reversion frequencies obtained from uninfected cells are not 
always reliable to use as correction factors, especially if 
the phage strain which is used for the purposes of trans-
80 
Table 9. A comparison of the frequencies of recombination of 
purine-dependent mutants using ultraviolet light 
and Mitomycin C-induced lysates of strain 655 and 
mutant (derived from mutant pur A-2) of 
Staphylococcus aureus, and lysates 83/655(nov), 
83/pur A-2, and 83/P2sl 
Transducing , Frequency of recombination of: 
phage and Purine Novobiocin 
donorB Recipient independence resistance 
83/655(ÏIOV) pur Ba-5 227 , I8l 
83/655(ÎIOV) pur A-2 109 (1555) 109 
83/655(nov) gua A-76 172 496 
83/6^^(nov) pur 1-133 tmo 629 
ind/655 pur Ba-5 62^ 
ind/655 pur A-2 6 
ind/655 ffua A-76 165 
Ind/655 pur I-I33 tmc 
83/P2G1 2^2 Ba-5 2688^ 
ind/P2. pur 'Ba-5 24 . 
83/P2G; gur A=2 41 (923)° 
lnd/P2. pur A-2 5 
83/P2G1 eua A-76 26 (3500)° 
ind/P2. gua A-7& 330 
83/P2^:. 1-133 tmc 
ind/P2 pur 1-133 tmc 
83/pur A-2 pur Ba-5 tmc 
83/pur A-2 pur A-2 IO7 
83/pur A-2 gua A-76 712 
83/pur A-2 pur 1-133 tmc 
^ind/655, ind/P2®^ refer to.the lysates prepared from 
strain 655 and mutant strain P2®^ by UV-irradiation and 
Mitomycin C treatment. 
"b Recombinants in parentheses were intermediate in size 
between the normal and small colonies observed. 
^Recombinants listed were of normal size, but background 
was filled with small colonies. The designation, tmc, refers 
to a colony frequency too numerous to count. 
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duction is virulent, as is true of phage 83. Moreover, the 
determination of the killing rate of cells of one strain 
during transduction procedures would not necessarily be 
pertinent if applied as a correction factor of transduction 
frequency for another strain of a differing sensitivity to 
lysis. In the present study, this problem was avoided by 
using the reversion frequencies obtained with each mutant 
when infected with, phage 83 prepared on that mutant as the 
correction factors for transduction frequencies. A compari­
son between the reversion frequencies obtained when some 
mutants were infected with lysates prepared by propagation 
of phage 83 in themselves (self-infected) and the reversion 
frequencies obtained from uninfected cell suspensions of 
these mutants is shown in Table 10. Reversion frequencies 
obtained from self-infected mutants are generally lower, 
apparently due to lysis of these cells by the virulent 
particles of the transducing lysate. In view of this data, 
and also the data of Demerec (I962) concerning "selfer" 
mutants, the reversion frequencies obtained after self-
infection were used as the correction factors in further 
transduction analyses. 
An initial experiment was designed to reveal whether any 
of the purine loci of S. aureus.are co-transduceable (linked). 
The transducing lysates 83/pur P-62, 83/pur 1-962, 83/pur D-40, 
83/pur 1-50, 83/pur C-46, 83/pur E-22, 83/pur H-15-28, and 
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Table 10. A comparison of the reversion frequencies of 
purine-dependent mutants of Staphylococcus aureus 
obtained from cell suspensions infected with 
transducing lysates prepared by propagation of 
phage 83 in themselves and from uninfected cell 
suspensions of the same mutants 
Reversion frequencies obtained from:^ 
Uninfected Self-infected 
Mutant cells cells^ 
pur 1-50 5 3 
pur H-104 5 1 
gua A-76 25 0 
sua A-I59 21 4 
•pur H-4oi 4 2 
^Reversion frequencies were determined by inoculating 
separate ES agar plates with a 0.1 ml volume of a 10-1 'dilu­
tion of the uninfected cell suspension or the self-infected 
cell suspension. The number of revertants were scored after 
a 72 hr period of incubation at 37 C. 
^A cell suspension of each mutant was infected with a 
phage lysate prepared in itself according to transduction 
protocol. 
83/pur J-15-9 were individually used to infect separate 
aliquot8 of cell suspensions of mutants gua A-76, gua B-3, 
pur A-97, pur Ba-5, pur J-15-9, pur H-15-28, pur C-46, and 
pur E-22. The transduction suspensions were spread upon 
plates of ES agar enriched with various purines and purine 
intermediates. The p values, the number of colonies examined 
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for determination of each p value, and the medium used to 
support the growth of cells recovered from each transduction 
suspension are described in Table 11. The small, white 
colonies of approximately one mm in diameter were isolated 
and tested for their growth response to purines to verify 
their biochemical identity to the donor used in preparing 
them. The stimulation patterns of these small colonies, and 
the stimulation patterns of the donor strains are shown in 
Table 12. The results of this experiment were inconclusive 
and appeared to contain several contraditions with respect 
to map distances. Those mutants which, when crossed with 
each other, produced donor-type colonies having stimulation 
patterns comparable to the donor strain, were tentatively 
placed in the same linkage group if the p values were within 
the range of 0.1 to 0.9. Using these criteria, the following 
linkage groups were defined: pur I - gua A - gua B, pur H-
pur A, pur J - gua B - pur A, pur F - pur A - pur J, pur G -
pur H, pur C - pur E - pur A, pur D - pur B, pur B - pur A -
gua B - pur H - pur J. The order of the loci within these 
linkage groups could not be defined. The inconsistencies of 
the transduction frequencies obtained in this experiment were 
attributed to the differences in the media used, as well as 
the differences in recipient capacities of the several mutants 
tested. Therefore, it was decided that more reliable results 
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Table 11. The plating media, the number of colonies, and the 
probability of independent integration (p) values 
derived from an initial linkage study 
No. of colonies^ ^ Plating 
Lysate/Recipient examined p values medium^ 
pur F- 6 2/gua A-76 
pur I-50/gua A-76 
pur I-962/gua A-76 
pur D-^O/gua A-76 
pur E-22/gua A-76 
pur C-46/gua A-76 
pur H-19-28/Kua A-76 
pur J-15-9/gua A-76 
pur F-62/^ua B-3 
pur I-50/gua B-3 
pur I-962/^ua B-3 
pur D-^O/gua B-3 
pur E-22/gua B-3 
pur C-46/gua B-3 
pur H-15-28/gua B-3 
pur J-15-9/g:ua B-3 
^The total number of prototrophic and donor-type re­
combinants counted on two plates inoculated with the trans­
duction suspension. The designation, tmc is the abbreviation 
meaning too many colonies to count. 
b the number of prototrophic 
The probability of recombinants 
independent integration, p the number of prototrophic 
recombinants 
+ 
the number of donor-type 
recombinants 
c The media used to support the growth of transductants 
are as follows: lES (ES agar containing 8.0 ug of inosine 
per ml), FES (ES agar containing 8.0 ug of PAICA per ml), AES 
(ES agar containing 8.0 ug of AICA per ml), EES (ES agar con­
taining 10.0 ml of S. typhimurium purine-dependent mutant 
pur C-2 derepression culture fluid, ES (ES agar), AdES (ES 
agar containing 8.0 ug of adenine per ml). 
tmc — lES 
278 0.7^ lES 
556 0.99 lES 
1351 0 . 9 8  lES 
263 0.99 lES 
2488 0.99 IE S 
360 1 . 0 0  lES 
2647 0 . 9 9  lES 
tmc lES 
864 0. 6 3  lES 
tmc _ lES 
8 7 6  0 . 9 6  lES 
674 0 . 9 2  lES 
1398 0 . 9 0  lES 
363 0.64 lES 
^00 0.80 lES 
85 
Table 11. (Continued.) 
No. of colonies®' ^ Plating 
Lysate/Reclpient examined. p values medium^ 
pur F-62/pur A-97 
pur I-50/pur A-97 
pur I-9627pur A-97 
pur D-4o/pur A-97 
pur E-22/pur A-97 
pur C-46/pur A-97 
pur r-02/pur #a-5 
pur I-50/pur Ba-5 
pur I-962/^r Ba-5 
pur D-4o/pur Ba-5 
pur E-22/pur Ba-5 
u ^u #
pur C-46/pur Ba-5 
pur H-15-28/pur Ba-5 
pur J-15-9/pur Ba-5 
TOur P-62/Dur J-15-9 pu p
pur I-50/pur J-15-9 
pur I-9627pur J-15-
pur D-4o/pur J-15-9 
pur E-22/pur J-15-9 
pur C-46/pur J-15-9 
pur P-62/pur H-15-2b 
pur I-50/pur H-15-28 
pur I-962/^r H-15-2 8 
pur D-4o/pur H-15-28 
•nur E-22/r)ur H-14-28 
^O P
pu /p 5
pur C-46/pur H-15-28 
pur P-62/pur C-46 
pur I-50/pur C-46 
pur I-962/^r C-46 
pur D-4o/pur C-46 
pur E-22/pur C~^-6 
pur P-62/pur E-22 
pur I-50/pur E-22 
pur I-962/pûr E-22 
pur D-4^/pur E-22 
pur C-46/pur E-22 
pur Ba-5/pur A-97 
pur Ba-5/g:ua A-76 
pur Ba-5/gua B-3 
361 0.89 IBS 
147 0.89 lES 
13^ 0.86 IBS 
359 0.92 lES 
123 0.88 lES 
202 0.82 lES 
62 0.62 lES 
99 0.78 lES 
19 0.52 lES 
384 0.003 lES 
112 0.009 lES 
156 0.006 lES 
16 0.00 lES 
380 0.005 lES 
354 0.17 lES 
134 0.015 lES 
502 0.37 PES 
2855 0.98 PES 
403 0.97 PES 
755 0.97 PES 
366 0.91 PES 
669 0.94 PES 
28 1.00 AES 
44 1.00 AES 
922 0.00 AES 
83 1.00 AES 
34 1.00 AES 
44 1.00 AES 
30 0.185 EES 
22 0.68 EES 
70 0.64 EES 
32 0.62 EES 
16 0.375 EES 
14 0.00 EES 
78 0.100 EES 
46 0.087 EES 
29 0.087 EES 
75 0.087 EES 
346 0.035 ES 
174 0.46 AdES 
243 0.97 AdES 
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Table 11. (Continued) 
No. of colonies^ ^ Plating 
Lysate/Eecipient examined p values medium^ 
pur F-62/pur 1-50 
pur 0-4-0/pur 1-50 
pur I-962/pûr 1-50 
pur F-62/pur 1-962 
pur I-50/pûr 1-962 
pur D-4o/pur 1-962 
pur P-62/pûr D-4o 
pur I-50/pur D-40 
pur I-962/pûr D-4o 
pur I-50/pur F-62 
pur D-4o/pur F-62 
pur I-962/wr F-62 
210 1.00 ES 
213 1.00 ES 
191 1.00 ES 
0 0.00 ES 
0 0.00 ES 
0 0.00 ES 
15 0.34 ES 
9 1.00 ES 
28 0.74 ES 
50 0.00 ES 
69 0.118 ES 
121 0.116 ES 
would be obtained using one set of recipients blocked late in 
purine biosynthesis, and a selective medium which would 
support the growth of any donor-type colonies which might 
result from the crosses of the following study. In the 
second experiment to detect linkage among purine-dependent 
mutants, gua A-76, gua A-159, and gua B-15-33 were used as 
recipients with lysates of phage 83 prepared on the mutants 
pur D-A-O, pur F-53-22, pur F-62, pur G-105, pur G-15-50, 
pur 1-50, pur 1-221, pur C-46, pur E-22, pur A-4l6, pur H-115, 
pur H-104, pur Bb-572, pur Ba-5, pur Ba-26, and pur J-15-9. 
The results of this study (Table 13) describes the p values 
obtained and the number of colonies examined to determine 
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Table 12. The growth responses to purines and purine inter­
mediates by some donor-type colonies isolated from 
a preliminary linkage study 
.a 
Donor Recipient I PAICA AICA AD 
pur Ba-5 gua A-76 + + + + 
pur Ba-5 
-
- - -
+ 
pur J-15-9 gua A-76 + — — + 
pur J-15-9 
— 
+ 
- -
+ 
pur 1-962 gua B-3 + + + + 
pur 1-962 
-
+ + + + 
pur H-15-28 gua B-3 — — — — 
pur H-15-28 
-
+ + 
- -
pur 1-50 gua B-3 + — — + 
pur 1-50 - + + + + 
pur C-46 gua B-3 + _ + 
pur C-46 + + + + 
pur J-15-9 gua B-3 + - — + 
pur J-15-9 
— 
+ 
- -
+ 
pur H-15-28 pur A-97 + — - + 
pur H-15-28 
-
+ + 
— — 
pur 1-962 pur A-97 — _ mm — 
pur 1-962 
-
+ + 4- + 
pur P-62 pur A-97 . + — - + 
pur P-62 
-
+ + -h + 
^The purines and purine intermediates used to test 
growth response are Inosine (I), formyl-^-amlno-4-lmldazole 
carboxamide (PAICA), ^ -amino-^-imidazole carboxamide (AICA), 
and adenine (Ad) by the method of Kloos (1964). 
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Table 12. (Continued) 
Growth response to;^ 
Donor Recipient I PAICA AICA AD 
pur E-22 pur A-97 + _ + 
pur E-22 , - + + + + 
pur 1-50 pur A-97 — — - -
pur 1-50 - + + + + 
pur D-40 p.ur - - - -
pur D-^0 — + + + + 
pur 1-902 pur Ba-5 + + + + 
pur 1-962 + + + + 
pur D-^0 pur F-62 + + + — 
pur D-40 - + + + + 
pur D-^0 pur I-IP + + + + 
pur D-M-O - + + + + 
pur P-62 pur 1-50 + + + + 
pur P-62 + + + + 
each p value. The selective medium used to support the 
growth of transductants in this experiment was InAdES agar. 
The results of this experiment seem to support the data 
obtained from the first experiment concerned with linkage 
of purine loci, which suggested linkage through overlapping 
transducing fragments; however, several discrepancies re­
mained with respect to map distances and the number of re­
combinants produced by each cross. The evidence which was 
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Table 13. The probabilities of independent integration 
observed in a linkage study of purine-dependent 
mutants of Staphylococcus aureus 
Recipients 
gua A-Tïï gua A-159 gua B-15-33 gua B-3" 
— a b — -.T — -.J — •«•r Donor p®' No. p No. p No. p No. 
pur D-40 
pur F-53-22 
pur F-62 
pur G-105 
mL G-15-90 
-pur 1-50 
pur 1-221 
pur C-46 
pur E-22 
pur A-4-16 
pur H-115 
pur H-lo4 
pur H-401 
pur Ba-572 
pur Ba-5(Ba-5) 
pur Ba-26TBa-26) 
pur J-15-9 
.98 135 .99 2^8 .92 225 .94 235 
.925 79 .975 152 .92 194 .96 178 
1.00 19 .925 92 .94 49 .895 57 
1.00 14 .90 29 .95 205 .92 217 
.76 96 .94 127 .62 284 .91 346 
.89 115 .94 63 .94 174 .92 167 
1.00 16 .98 53 .98 66 .96 109 
. .95 39 1 .00 46 196 47 .86 90 
.97 93 .97 94 .90 118 .97 240 
1.00 33 .98 50 .91 65 .975 114 
.92 24 .99 132 .96 44 .98 78 
1.00 12 1 .00 17 .88 128 .91 164 
1.00 33 .96 52 .90 144 .91 255 
.94 375 .92 795 .94 162 .925 262 
.96 109 .90 47 .87 103 .89 137 
.965 114 .89 68 .72 47 .73 122 
1.00 19 1 .00 15 1.00 18 .90 52 
a, The probability of independent integration, p, where 
P = number of prototrophic recombinants 
number of prototrophic recombinants 
4-
number of donor-type recombinants 
bn The number of colonies^examined in order to determine 
p. A 0.1 ml volume of a 10" dilution of each transduction 
suspension was spread upon separate InAdES agar plates. 
Plates were incubated for 48 hours at 37 C, and scored for 
recombinants prototrophic recombinants and donor-type 
recombinants. 
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used to determine linkage between loci was the presence of 
donor-type colonies. Three colonies having a donor-type'ap­
pearance were isolated from each cross and tested for their 
growth response to exogenous purines and purine intermediates. 
Those isolates whose growth responses to purines and purine 
intermediates were comparable to those of the donor strains 
were tentatively designated as originating from donor-type 
colonies. In addition, one presumed donor-type colony from 
each cross was also used to prepare a culture from which a 
cell suspension was made and used as the recipient of the 
donor lysate presumably responsible, in part, for the pro­
duction of the suspected donor-ty^pe colony. This test was 
Intended to confirm the presence or absence of Identical 
allellsm between the isolate and the donor strain from which 
it had been derived. On the basis of this confirmatory test, 
all loci, with the exception of pur B, appear to be linked 
either to the gua A or gua B locus 
Had the isolates from the crosses involving mutants of 
the pur B locus been donor-type colonies, they should have 
responded In growth to adenine alone, since mutants of this 
locus are, by definition, unable to satisfy their growth, re­
quirement with any single purine source except adenine. 
However, these isolates also responded to exogenous guanine, 
xanthine, and Inoslne. Isolates from crosses in which mutant 
pur Bb-5 and mutant pur Bb-26 were used as donors did not 
J/ - • produce transductants when used as recipients with lysates 
of phage 83 prepared on these donor strains; however, the 
isolates from crosses in which mutant pur Ba-572 was used as 
the donor did produce transduetants when used as recipients 
with phage 83 prepared in this mutant. Mutant pur Ba-572 
was later found to be a selfer mutant; thus, the apparent 
production of transductants by the isolates were attributed 
to the characteristics associated with this selfing strain. 
Selfer mutants were found in several other loci, and will be 
discussed in more detail in the following descriptions of 
other experiments. 
While the information obtained from the ratio test (p 
values) enable a geneticist to determine which loci are most 
likely to be carried upon a certain segment of an indetermi­
nate fraction of a bacterial genome, it does not provide suf­
ficient information to allow the interpretation of the linear 
order of loci within a linkage group. However, linkage stud­
ies employing reciprocal transduction crosses between repre­
sentatives of each mutant locus contained within a linkage 
group often enables an investigator to determine the order of 
linked loci on the basis of the extent to which representatives 
of each locus produce transductants in crosses with repre­
sentatives of other loci, assuming that closely linked loci 
should produce fewer transductants when crossed with each 
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other than mutants which are distantly linked (distance re­
ferring to map distance). 
In an effort to determine the linear order of the purine 
loci of S. aureus, representative mutants affecting each 
purine gene were crossed with one another according to trans­
duction protocol; the transduction suspensions were spread 
upon ES agar, and scored for prototrophic and abortive trans-
ductants after incubation for 72 hours. Transduction sus­
pensions in which gua B-15-33 was used as a recipient were 
spread upon ES agar lacking histidine in order to detect 
linkage of purine mutants to the his G locus by mutual re- . 
pair of these two mutant sites. Assuming that double cross­
over would be required for the subsequent production of 
transductants, were the aberration of any donor mutant 
located between these two mutant sites, then those mutants 
which did not produce any or very few transductants when 
crossed with gua B-15-33 should be located between the gua B 
and the his G loci on the chromosome. Mutants pur D-4o and 
pur A-^16 did give a relatively high frequency of trans­
duction when used as donors to this mutant. The results of 
the reciprocal crosses of the purine-dependent mutants are 
listed in Table l4. In this table mutants are arranged in 
an order which best fits the linear arrangement as determined 
by the donor analyses and the results of the reciprocal 
crosses, as shown in Figure 5* The linear order of closely 
Table l4. The transduction frequencies of purine-dependent 
mutants of Staphylococcus aureus by bacterio­
phage 83 
Donor®' 
Recipient 
Bb- Ba-
1 
Ba-
"H 
J-15 
-i 
gua A 
-Mi 
gua A 
-26 
gua B 
-1 
gua B P-
15-33 52 
P-23. 
Bb_572 0 0 0 0 0 0 0 0 0 0 
Bb_5 128 0 0 38 17 13 7 5 14 276 
Ba-26 3 0 0 9 1 1 0 2 29 239 
J-15-9 _ _ _ _ __ — — 
sua A-I59 23 58 36 1 0 18 72 1 l4 46 
gua A-76 11 43 23 14 1 0 11 6 5 29 
gua B-3 0 29 18 34 20 19 0 7 27 0 
gua B-15-33 12 2 1 0 6 7 0 0 0 0 
F-62 28 0 0 29 10 11 6 0 0 59 
F-53-22 7 26 0 22 1 56 0 0 0 0 
1-50 42 5 . 7 38 7 13 4 3 14 15 
G_15-50 58 1 1 86 0 0 2 0 38 33 
G-105 0 2 0 0 8 0 2 0 7 0 
C-46 0 0 0 0 0 0 0 0 0 0 
E-22 73 0 0 82 0 0 0 0 28 210 
A-416 2 2 1 1 1 3 2 1 1 1 
H-115 102 4 0 104 16 12 5 6 23 96 
H-104 69 13 3 148 7 11 3 6 45 30 
H-401 76 4 0 111 6 8 4 2 27 19 
D-40 30 8 6 38 13 10 8 8 12 38 
^All transduction suspensions were spread upon ES agar. 
Transduction frequencies were scored after incubation at 37 
C for 72 hours. Transduction frequencies in each row are 
corrected for the reversion frequency of the mutant recip­
ient of that row after infection of the recipient with 
phage 83 propagated in the recipient strain. 
1-50 G-15-50 G-105 C-46 E-22 A-416 H-115 H-104 H-401 D-4o 655 
67 379 113 304 366 79 348 0 0 90 596 
2 6 117 360 232 100 96 337 288 6 584 
5 1 2 0 1 1 1 1 195 165 116 
31 92 92 48 55 62 47 45 139 30 184 
2 1 70 6 0 12 12 14 40 66 178 
0 0 96 0 85 0 0 0 96 65 168 
0 78 1 0 0 23 17 0 0 0 167 
8 2 5 18 17 0 36 26 9 7 155 
15 0 77 0 11 0 29 10 0 7 293 
0 15 0 14 19 16 14 9 20 7 122 
10 0 25 12 16 38 8 12 19 73 111 
8 3 0 2 10 16 9 0 0 15 92 
38 3 0 0 0 0 0 0 46 3 121 
57 34 39 4l 0 51 9 0 170 218 174 
7 1 1 2 1 0 6 21 2 1 93 
23 34 32 14 0 39 0 4 15 94 108 
51 25 23 15 25 35 10 0 6 47 111 
4o 14 18 14 21 48 14 0 0 9 166 
6 9 47 10 32 18 16 13 12 0 190 
Figure 5* Map of the purine region of the chromosome of Staphylococcus aureus. 
The dark horizontal line represents the chromosome. Multisite 
(deletion) mutants are represented by "bars above the chromosome. 
The location of a few of the single site mutants is shown im­
mediately above the chromosome. Below is a diagram of the "bio­
chemical pathway of purine biosynthesis in Staphylococcus aureus. 
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linked mutant loci is based upon the average number of trans-
ductants recovered using a mutant first as a donor, then as 
a recipient. 
The linear order of the purine loci of S. aureus as 
shown in Figure 5 is only tentative; several discrepancies 
exist with respect to transduction frequencies for those 
loci which are not closely linked. Many of these discrep­
ancies are attributed to low frequencies of transduction by 
the deletion mutants used in this study, even though, in 
most cases, deletion mutants were of considerable help in 
the determination of the order of the purine loci. Other 
discrepancies in transduction frequencies are attributed to 
the erratic behavior of selfer mutants which were involved 
in the linkage studies. 
Selfer mutants, or mutants behaving in a fashion similar 
to selfers, were found in each phenotypic group. These 
mutants, their transduction frequencies with the donor 83/655» 
and their transduction frequencies with themselves are listed 
in Table 15- When representative mutants of various purine 
loci were used as donors to the recipient pur J-15-9, and 
the transduction suspensions were spread upon ES agar lacking 
histidine, two mutants, pur 1-50 and pur H-15-28 appeared to 
effect a higher transduction frequency of pur J-15-9 than a 
lysate prepared in the wild-type strain 655 or any of the 
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Table 15. The reversion frequencies, self-repair frequen­
cies, and wild-type repair frequencies of purine-
dependent selfer mutants of Staphylococcus aureus 
Mutant 
Reversion 
frequency 
Self-repair 
frequency®' 
Wild-type repair 
frequency^ 
pur F-53-22 2 31 293 
pur 1-50 6o . 48 122 
£ur 1-91 8 27 68 
pur Ç-46 0 19 121 
pur E-22 0 58 174 
pur H-11 9 230 198 
pur H-15-28 8 307, 86 
pur J-15-9 9 322 600 
pur A-2 0 47 
A-97 10 23 1096 
pur Bb-572 4 207 596 
Kua A-52 3 58 143 
^Repair 
frequencies. 
frequencies are corrected for reversion 
Table l6. The repair frequencies of selfer mutant, pur J-15-
£ by representative mutants of various purine loci 
Donor lysate Repair frequency a 
83/pur 1-50 
83/pur F-62 
83/pur H-15-28 
83/pur C-46 
83/pur D-40 
83/pur E-22 
1269 
19 
781 
136 
139 
32 
a. Repair frequencies are corrected for reversion rate. 
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other mutants examined in this experiment (Table l6). This 
high, "repair" effect cannot be ascribed to selfer mutants in 
general, but only to these two particular selfer mutants, 
since the other two selfer mutants used as donors in this 
experiment, pur C-46 and pur C-22 did not cause a high 
frequency of repair of the double mutant, pur J-15-9. The 
selfing phenomenon has never been noticed among the histi-
dine-dependent mutants of -S... typhi murium (Demerec, 19^3) nor 
among the histidine-dependent mutants of S. aureus which were 
studied by Kloos (1964); therefore, a phenomenon other than 
selfing in the his G locus seems to have been operative in 
the crosses, 83/pur 1-50 X pur J-15-9 and 83/pur H-15-28 X 
pur J-15-9. 
During the course of studies directed toward the demon­
stration of transformation in S. aureus (J. W. Zyskind, per­
sonal communication), the selfer mutants pur A-2 and gua A-52 
were used as recipients of DNA preparations from S. aureus. 
Since the selfing phenomenon appears to be triggered by the 
introduction of foreign DNA into the cytoplasm, it was felt 
that selfer mutants, used as recipients, should provide the 
necessary information concerning competence conditions. These 
mutants initially appeared to be ideal for this purpose when 
"recombinants" were produced with DNA extracted from wild-
type S. aureus ; however, they were also observed to produce 
"recombinants" with variations of magnesium ion concentration, 
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calf thymus DMA, and DM extracted from these two mutants. 
The "recombinants" were not found to be true prototrophs, 
but instead produced a leaky appearance when cell suspensions 
of some of the isolates were spread upon S agar plates. 
The selfing phenomenon observed among some of the 
purine-dependent mutants of S. aureus appears to be associated 
with certain clusters of purine loci. Those purine loci 
which were observed to contain selfer mutants are: pur B, 
pur J, gua A, pur P, pur Ç, pur E, pur 1, pur A, pur H. 
The location of selfers with respect to the proposed linear 
map of the purine loci is concentrated about the center and 
ends of the region studied. 
While selfer mutants tend to be troublesome and some­
what unfit for use in genetic analyses due to their unpre­
dictable and peculiar behavior, further study of such 
mutants is certainly warranted. A study of their hyper­
sensitive recombination responses might provide more in­
formation concerning mechanisms of chromosome repair. 
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DISCUSSION 
While diethyl sulfate proved to be highly mutagenic and 
easy to handle, it was found to have the disadvantage of 
producing mutants which readily revert. It is conceivable 
that this mutagen effectively produced mutations which led 
to high frequencies of selfer mutants, since no selfing was 
found in those mutants obtained by treating cells with. UV 
light or heat. On the other hand, the number of mutants 
isolated after mutagenesis with diethyl sulfate was much, 
greater than the number collected by the other two tech­
niques . 
The apparent selectivity of heat as a mutagen has also 
been found to occur during the early stages of spore germi­
nation in Bacillus subtilis by Chiasson and Zamenhof ( 1 9 6 6 ) .  
There are at least two possible explanations for this 
phenomenon: 1) a degradation of the DNA and inactivation of 
repair enzymes directly proportional to temperature eleva­
tions, and 2) a scission of hydrogen bondings occuring pro­
portional to temperature elevations, allowing endonuclease 
attack of denatured areas of the chromosome. The latter 
explanation appears to be the more feasible one with respect 
to the results obtained with purine-dependent mutants, since 
1) heat is known to denature DNA proportionally to the 
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guanosine-cytosine ratios; and 2) higher temperatures re­
sulted in selecting for pur B mutants, whereas lower temper­
atures did not. This explanation also implies that the pur 
B region contains a higher guanosine-cytosine ratio than 
other loci associated directly with the synthesis of purines. 
It is assumed that the variability in growth response 
to purines by class I mutants is due to loss of various 
specific permeases and/or certain phosphorylating enzymes 
prerequisite to the use of purines in Interconversion. 
Magasanlk (1962) stated that it would be unlikely that any 
purihe-dependent microorganism would utilize xanthoslne as 
the sole source of purines, since no pyrophosphorylase has 
been found for this compound in the bacteria studied, nor was 
xanthoslne found to be utilized by those microorganisms, e.g. 
A. aerogenes, E. coll, S. typhimurlum. This hypothesis of 
Magasanlk (I962) was unfounded in the nutritional studies of 
most mutants of class I and class II (gua A). The patterns 
of growth response of the purine autotrophs of S. aureus to 
adenine, guanine, xanthine, and hypoxanthine suggest that 
the Interconversion routes of purines in S. aureus are 
similar to those of E. coll, S. typhimurlum, and A. aero-
genes . However, Carere and Spada-Sermontl (1964) reported 
nutritional studies with purine-dependent mutants of S. 
aureus which are contradictory to the data presented in this 
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study. They stated that: 1) none of the purine auxotrophs 
were able to utilize adenine as a sole purine source, even 
though many were able to utilize guanine, xanthine, inosxne, 
and hypoxanthine; and 2) purines and pyrimidlnes are intercon-
vertable or have a common origin since the growth of all 
of the purine mutants was also stimulated by uracil. The 
first observation can be explained by the sensitivity of S. 
aureus to adenine. The M medium (Rltz, I96I) used by Carere 
and Spada-Sermonti (1964) to test for purlne-dependent mutants 
to adenine contained 50 ug of adenine per ml; the other en­
riched M media contained only 20 ug of the other purines 
tested per ml. The results shown in Figure 2 of this study 
demonstrate growth inhibition of purlne-dependent mutants of 
S. aureus at much lower levels of adenine concentration. Thus 
it would seem that adenine was prematurely discredited in its 
capacity to interconvert to IMP and GMP. Uracil has been 
known for some time to stimulate the growth of S. aureus in 
an anaerobic environment, and also to enhance growth, though 
less markedly, in an aerobic environment (Richardson, 1936). 
It would seem that the alternate requirement of purine or 
uracil is symptomatic not of a double nutritional impairment 
for purine and uracil, nor of a common origin of purines and 
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pyrimidines in biosynthesis, but rather that of an impair­
ment in the synthesis of folic acid, since: 1) a folic acid 
requirement has been shown to be satisfied in several micro­
organisms by purines (Pffifner and Bird, 195^); 2) uracil 
addition would increase the thymine concentration, thus 
allowing more thymine to be used in the synthesis of folic 
acid. Another gram-positive microorganism, Streptococcus 
faecalis, has been found to have its folic acid requirement 
satisfied by adenine or thymine (Beerstecher, 1964). Uracil 
was unable to satisfy the nutritional requirements of the 
purine-dependent mutants of S. aureus strain 655 which were 
isolated and used in this study. 
The purine-dependent mutants isolated after mutagenesis 
of mutant his Gb-15 (Kloos, 1964) and blocked in conversions 
leading to the synthesis of IMP, were unable to utilize 
adenine as a single purine source. Since the his G mutants 
are deficient in the cyclization of AMP to IMP, and subse­
quently to GMP, the only way adenine could be used as a sole 
purine source would be through the enzymatic deamination of 
AMP to form IMP. It is assumed, since none of these double 
mutants were able to utilize adenine as the sole purine 
source, that S. aureus, like S. typhimurium, E. coli, and 
A. aerogenes does not possess the enzyme, adenylic deaminase. 
Wild-type S. aureus was found to require 2 ug of histi-
dine per ml when grown in derepression S broth during the 
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studies of histidine "biosynthesis by Kloos (1964). This re­
quirement could also be satisfied through the addition of 5 
ug of adenine per ml of S broth. In derepression studies 
with purine mutants, a histidine concentration of 1 ug per 
ml in combination with the 2 ug of adenine per ml concentra­
tion employed in derepression S broth resulted in the,accum­
ulation, by wild-type, of FAICA, SAICA-r, and an unidentified 
compound giving a reddish Pauly-positive reaction, believed 
to be tyrosine. Elevation of the histidine concentration 
to 2 ug of histidine per ml of S broth reduced the amount 
of Pauly-positive material accumulated by wild-type to a 
negligible amount, and eliminated the requirement of growth 
enhancement by adenine. This mutually interchangeable 
nutritional requirement for adenine or histidine seems to 
indicate that the wild-type Is partially impaired In histi­
dine regulation in the manner described by Shedlovsky and 
Magasanik (i960); i.e., a leaky mutant Impaired in the con­
version of compound III to histidine causing a drain of 
adenine from the interconversion system, thus preventing a 
means of intereonverting adenine to IMP through AICAR due to 
a lack of feedback inhibition of histidine biosynthesis by 
histidine. Low concentrations of histidine would, in such 
a case, cause wild-type to accumulate purine Intermediates 
as it did when grown in S broth containing 1 ug of histidine 
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per milliliter. The growth enhancement of S. aureus by pur­
ines and thymine or uracil in S broth might be indicative of: 
1) a decreased production of folic acid, 2) a greater need 
for methyl donors, and 3) a thiamine requirement greater 
than that supplied in S broth. Prom these data, the need 
for further studies of the nutritional requirements for 
vitamins, purines, and pyrimidines. by S. aureus when ex­
posed to varying degrees of oxygen tension are indicated. 
Recent comparative growth studies (Bronson, personal com­
munication) of a culture of strain 655 which had been main­
tained on BHI agar slants at ^ C for the past four years, 
and a culture of strain 655 which had been maintained as a 
lyophile since 1964, indicate that the former strain has, 
at some time, mutated to produce the strain described in 
this study as requiring histidine or adenine; it was also 
found to require small amounts of isoleucine, valine, and 
leucine when grown in S broth lacking these three amino acids, 
Trefzger (personal communication) has also demonstrated growth 
stimulation of this strain with methionine using the technique 
of Kloos (1964). The culture of strain 655 which was pre­
pared from a lyophile does not require histidine, adenine, 
isoleucine, leucine, or valine, and is not stimulated by 
methionine as markedly as the strain variant which had been 
maintained on slant cultures. Burke (personal communication) 
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reported that the growth of this culture (obtained from a 
lyophile) is enhanced by thymine or uracil. 
An analysis of the accumulations by the purine-dependent 
mutants of S. aureus provided information permitting the 
construction of a tentative purine biosynthetic pathway used 
by this microorganism. Before this analysis could be made, 
a determination of the optimal environmental conditions 
permitting the accumulation of purine intermediates by 
purine-dependent mutants of S. aureus was necessary. Par­
allel studies of B mutants of S. aureus and S. typhimurium 
provided the information concerning these conditions as did 
the chromatographic appearance of concentrated derepressed 
culture fluids of these mutants when their chromatograms were 
developed in a solvent system and sprayed with Pauly reagents. 
Chromatographic studies of those remaining mutants of S. 
typhimurium, reported by Gots (personal communication) to 
accumulate Pauly-positive compounds, i.e., pur C-2, pur E-11, 
and pur H-237, were used as guides in determining these bio-
types among mutants of S. aureus. Examination of chromato­
grams by UV light before spraying with. Pauly reagents facil­
itated the location of those compounds accumulated, but not 
reacting to form Pauly-positive compounds. The Pauly-
positive compounds accumulated were AI, c-AI, SAICA-r, AICA-r, 
and PAICA, by mutants of S. aureus belonging to the groups 
pur Ç, pur E, pur B, pur H, and pur J, respectively. Mutants 
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blocked in the conversion of FAICAR to IMP have not been 
found in the bacterial species previously studied. On the 
basis of the accumulation of FAICA and the nutritional be­
havior of mutant pur J-15-9 of S. aureus, it was proposed 
that different enzymes are responsible for the conversion of 
AICAE to FAICAR and of FAICAR to IMP in S. aureus (Gabbard 
and Pattee, I966). Magasanik (1962) stated that these two 
conversions are controlled by a single enzyme. 
Most of the intermediates accumulated by mutants of S. 
aureus were of the ribosidyl or ribotidyl forms, in con­
trast to the free forms accumulated by mutants of S. ty­
phi murium. The biochemical sequence of mutants blocked 
in conversions leading to the formation of AIR were placed 
in order according to the utilization of FGA by S. aureus 
mutants, and the cross-feeding patterns of pur F, pur D, pur 
G, pur C, and pur E mutants of S. typhimurium. The bio­
chemical sequence of these mutant groups was found to be 
pur F, pur D, pur G, pur I, pur Ç, pur E. Mutants of S. 
aureus were grouped according to their cross-feeding patterns 
by concentrated derepression culture fluids of these mutants 
of S. typhimurium. None of the mutants of S. typhimurium 
were able to utilize FGA; however, mutants of S. aureus be­
longing to the biotypes pur F and pur D were stimulated in 
growth by this compound. It is possible that either a 
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specific permease or a specific phosphorylating enzyme is 
required for utilization of exogenous PGA, which may be 
present in S. aureus, but absent in S. typhimurium. The 
designation of mutants of S. aureus as belonging to pur P, 
pur D, pur G, or pur 1 was based upon cross-feeding patterns, 
UV absorption maxima, and stimulation by adenine, guanine, 
xanthine, hypoxanthine, and AICA. 
Mutants belonging to gua A, gua B, and pur A were found 
to accumulate compounds believed to be inosine, xanthine, 
and inosine, respectively. The enzyme Impairments of gua A 
and gua B mutants were also well established by their growth, 
responses to guanine and xanthine or guanine only, respective­
ly. 
Mutants of S. aureus were found to be more sensitive 
to what seemed to be enzyme repression and/or feedback In­
hibition than mutants of S. typhimurium when grown in S broth 
containing varying purine concentrations. No Intermediate 
accumulations were found in the culture fluids of mutants 
of S. aureus if adenine concentrations greater than 2 ug per 
ml were used in S broth. However, mutants of S. typhimurium 
were able to accumulate intermediates in S broth containing 
as much as 10 ug of adenine per milliliter. 
Guanine, inosine, xanthine, and hypoxanthine were in­
effective in allowing derepression of purlne-dependent mutants 
of S. aureus, but were effective in allowing derepression of 
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purine-dependent mutants of S. typhlmurium. It is not under­
stood at present whether these purines did not allow dere­
pression due to feedback inhibition, enzyme repression, or 
other factors concerned with derepression less directly. 
Since guanine was found to be inhibitory to growth of S. 
aureus mutants at certain levels (see Figure 2), it may be 
assumed that it does exert feedback inhibition. Neither 
hypoxanthine nor inosine were found to be inhibitory to 
growth of purine-dependent mutants of aureus. With 
respect to growth, enhancement studies in Figure 2 and dere- • 
pression studies, it appears that at least adenine and 
guanine are active in feedback inhibition and/or repression, 
depending upon the concentrations added to the growth medium. 
Since some accumulations were evident with hypoxanthine and 
inosine, it is assumed that the action of -these two purines 
in controlling purine biosynthesis is by feedback inhibition 
rather than enzyme repression, while xanthine appears to act 
In repression, since no accumulations were evident when this 
purine was added to S broth. The inhibition of some pur P 
mutants of S. aureus by the derepression culture fluids of 
mutants of S. typhlmurium which were blocked in conversions 
leading to the synthesis of IMP indicate the possibility of 
the pur F locus being associated with the regulation of purine 
biosynthesis. Thus, mutants of this locus could be regulatory 
mutants of some type. 
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In experiments concerned with transduction procedures 
optimal..for the transduction of purine-dependent mutants of 
S. aureus, shaking time and m.o.i. were found to be factors 
which affected the variability of transduction frequencies 
of purine-dependent mutants by a-83/655 lysate the most. 
The optimal shaking time of one hr is apparently required for 
the repair of the damage to the cell walls by bacteriophage,, 
and for the physiological adjustment of the cell to the im­
balance created by the addition of foreign nucleic acid. 
The fact that the infected cells would be required to manu­
facture their own macromolecules if placed in synthetic 
media immediately after infection, thus causing an even 
greater metabolic burden, might explain why fewer transduc-
tants are recovered after shaking times of less than one 
hour than after a shaking time of one hour. 
When a m.o.i. greater than one was used, fewer trans-
ductants were recovered. The titration of a transducing 
lysate does not measure the number of transducing bacterio­
phages, but rather the number of virulent bacteriophages 
(p.f.u.'s), if, it may be assumed that the transducing 
particle is defective in its capacity to reproduce due to a 
complete or partial replacement of the bacteriophage genome 
with a section of a bacterial genome (Campbell, 1964). There­
fore, although the number of transducing particles per cell 
is increased when a m.o.i. greater than one is used, so is 
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the opportunity for recombination between the defective 
transducing particles containing some portion of the parent 
phage genome in addition to a portion of a bacterial genome 
increased; thus, the ratio of virulent particles per cell 
and the killing rate of recipient cells could be Increased 
in those generalized transduction systems employing virulent 
bacteriophage as the transducing vector. In this manner, 
superinfection of recipient mutant cells could result in 
the recovery of fewer transductants than the number recovered 
when recipient mutant cells are infected at m.o.i. of one 
or less. 
From the transduction frequencies obtained in the ex­
periment using lysates prepared as a result of UV light and 
Mitomycin C treatment of strain 655 and. two purine-dependent 
mutants derived from this strain, it is believed that approx­
imately 50^ of the transductants recovered after infection 
of cells with a lysate prepared by infection of cells with 
bacteriophage 83 are due to the release of temperate particles 
maintained within strain 655 after infection of the cells with. 
83, and subsequent transduction by these lysogenic particles. 
The remaining number of transductants may be due to: 1) trans­
duction by a defective, nonvirulent bacteriophage associated 
with bacteriophage 83, and/or 2) transduction by particles 
composed of phage 83 protein components and bacterial DNA in 
complete or partial substitution for the 83 genome. 
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Using the data obtained from the ratio test and from 
reciprocal crosses, a tentative map of the genes controlling 
purine biosynthesis in S. aureus was constructed. This map 
could not be accurately designed with respect to map distances, 
and the order of the loci is based upon the arrangement best 
agreeing with, the p values and reciprocal transduction fre­
quencies. In general, the transduction frequencies were low. 
Several mutants could not be used in the transduction 
analyses due to their selfing behavior. Selfing has not 
been reported to occur in the purine loci of other micro­
organisms. Some of the mutants used in this study appear to 
contain deletions, and, although these mutants tended to 
have much lower frequencies of transduction than those 
mutants carrying less extensive mutations, they also facili­
tate the construction of the proposed linear map due to their 
lack of transduction with mutants of other purine loci. The 
use of the double mutant, gua B-15-33 provided a means of 
detecting linkage of the purine loci to the histidine operon. 
Attempts to determine the linear order of purine loci 
in S. typhimurium (Sanderson and Demerec, 19^5) and in E. 
coli (Taylor and Thoman, 1964) have been unsuccessful. Since 
considerable difficulties were encountered in a similar 
genetic analysis of the purine loci of S. aureus, it would 
appear that there are physiological factors associated with 
the purine loci which, hinder such a study. The major problem 
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encountered in the construction of a genetic map fitting 
the transduction data of purine mutants of S. aureus in­
volved the extreme differences of transduction frequencies 
in reciprocal crosses, e.g. the differences in transduction 
frequencies when a mutant was used as a recipient and as a 
donor. This observed variability could be due to differ­
ences in recipient and/or donor competences. 
Most of the purine loci of S. aureus do not appear, to 
be closely linked. Not all members of any one linkage 
group were found to be linked to another group; donor 
analyses indicated linkage patterns which might be expected 
as a result of overlapping fragmentations. Future studies 
devoted to the investigation of transfer frequencies 
(Campbell, 1964) of the purine loci and other markers by a 
83/655 lysate would be useful in determining the frequency 
with which certain markers are apt to be transduced. Such 
information would not only be useful in providing correction 
factors for reciprocal crosses, but could also provide a 
basis for speculating the linkage of several markers. 
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SUMMARY 
Through the use of various mutagenic techniques, approx­
imately 100 purine-dependent mutants of Staphylococcus aureus 
strain 655 were isolated. These mutants were examined and 
assigned to a biotype on the basis of their growth response 
to purines and purine intermediates, their cross-feeding 
patterns with derepression culture fluids of purine-dependent 
mutants of Salmonella typhimurium, and the purine intermed-
iate(s) accumulated in their derepression culture fluids. 
Representatives of the mutant groups pur Ç, pur E, pur B, 
pur H, pur J, pur A, gua A, and gua B accumulated the purine 
intermediates AIR, c-AI, SAICA-r, AICA-r, PAICA, inosine, 
hypoxanthine, and xanthine, respectively. Mutants having 
a pur P, pur D, pur G, or pur I phenotype designation did 
not accumulate detectable purine intermediates, and were 
found to be blocked in the conversions leading to the syn­
thesis of AIR. 
On the basis of the utilization of single purine sources 
by class I mutants, it was found that a system exists in S. 
aureus for the interconversion of purines in a manner simi­
lar to that found in Escherichia coli, S. typhimurlum, and 
Aerobacter aerogenes. The inability of mutants requiring 
both histidine and purine to use adenine as the sole purine 
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source indicates that adenylic deaminase is not a part of 
the purine interconversion system in S. aureus. 
Genetic studies through the use of transduction 
procedures were employed for the purpose of constructing a 
linear map of the purine loci. Deletions and numerical 
averages of the reciprocal crosses were used to determine 
the gene order. 'The histidine operon appears to be 
located between the pur G and pur A loci. 
117 
LITERATURE CITED 
Ames, B. N. and H. K. Mitchell. 1952. The paper chromatog­
raphy of imidazoles. J. Amer. Chem. Soc. 74:252-253. 
Anderson, E. P. and L. W. Law. I960. Biochemistry of 
cancer. Ann. Rev. Biochem. 29: 577-608. 
Balis, M. E., M. S. Brooke, G. B. brown and B, Magasanik. 
1956. The utilization of purines by purineless mutants 
of Aerobacter aerogenes. J. Biol. Chem. 219:917-926. 
Beadle, G. W. and E. L. Tatum. 19^5. Methods of producing 
and detecting mutations concerned with nutritional re­
quirements. Amer. J. Bot. 32:678-686. 
Beerstecher, E., Jr. 1964. Biochemical basis of chemical 
needs. In Plorkin, M. and H. S. Mason, eds. Compara­
tive biochemistry. Vol. 6. pp. 51-58. New York, New 
York, Academic Press. 
Bergman, E. D., R. Ben-Ishai and B. E. Volcani. 1952a. 
Effect of methyl donors on 4-aminoimidazole-5-carboxa-
mide in Escherichia coll. J. Biol. Chem. 194:521-529. 
Bergman, E. D., R. Ben-Ishai and B. E. Volcani. 1952b. 
Role of 4-aminoimidazole-5-oarboxamide in purine bio­
synthesis by Escherichia coli. J. Biol. Chem. 194: 
531-537. 
Bratton, A. C. and E. K. Marshall, Jr. 1939- A new coupling 
component for sulfanilamide determination. J. Biol. 
Chem. 128:537-550. 
Bronson, D. L. 1966. Transduction of erythromycin and 
oleandomycin resistance- in Staphylococcus aureus. Un­
published M.S. thesis. Ames, Iowa, Library, Iowa State 
University of Science and Technology. 
Brooke, M. S. and B. Magasanik. 195^- The metabolism of 
purines in Aerobacter aerogenes: a study of purineless 
mutants. J. Bacterid. 68:727-733. 
Brookes, P. and P. D. Lawley. i960. The methylation of 
adenosine and adenylic acid. J. Chem. Soc. 1960:539-
5^5* 
118 
Burns, V. W. 1964'. Regulation and coordination of purine 
and pyrimidine biosyntheses in yeast. I. Regulation 
of purine biosynthesis and its relation to transient 
changes in intracellular nucleotide levels. Biophys. 
J. 4:151-166. 
Campbell, A. 1964. Transduction. In: Gunsalus, I. C. and 
R. Y. Stamir, eds. The bacteria, vol. 5 : heredity, 
pp. 4-9-84. New York, New York, Academic Press. 
Carere, A. and I. Spada-Sermonti. 1964. Nutritional muta­
tions and transduction by ultraviolet-inactivated phage 
in Staphylococcus aureus. J. Bacterid. 88:226-232. 
Chiasson, L. P. and S. Zamenhol. 1966. Studies on induction 
of mutations by heat in spores of Bacillus subtilis. 
Can. J. Microbiol. 12:4-3-46. 
Demerec, M. i960. Frequency of deletions among spontaneous 
and induced mutations in Salmonella. Proc. Natl. Acad. 
. Sci. (U.S.) 46:1075-1079. 
Demerec, M. 1962. "Selfers"—attributed to unequal cross­
overs in Salmonella. Natl. Acad. Sci. (U.S.) Proc. 
48:1696-1705" 
Demerec, M. 1963. Selfer mutants of Salmonella typhimurium. 
Genetics 48: 1519-1531. 
Demerec, M., I. Blomstrand, and Z. E. Demerec. 1955• Evi­
dence of complex loci in Salmonella. Proc. Natl. Acad. 
Sci. (U.S.) 4-1:359-364. 
Demerec, M. and H. Ozeki. 1959. Tests for allelism among 
autotrophs of Salmonella typhimurium. Genetics 44:269-
278. 
DeWitt, S. K. and E. A. Adelberg. 1962. The occurence of a 
genetic transposition in a strain of Escherichia coll. 
Genetics 47:577-585-
Drury, H. P. 1948. Identification and estimation of pentoses 
in the presence of glucose. Arch. Biochem. 19:455-^66. 
Elliot, W. H. 1951. Studies on the enzymatic synthesis of 
glutamine. Biochem. J. 49:106-112. 
Flaks, J. G., M. J. Erwin and J. M. Buchanan. 1957a. • Bio­
synthesis of the purines. XVII. Further studies of 
119 
the Inoslnlc acid transformylase system. J. Biol. 
228:215-229. 
Plaks, J. G., M. J. Erwin and J. M. Buchanan. 1957b. 'Bio­
synthesis of the purines. XVI. The synthesis of 
adenosIne-5'-phosphate and pyrophosphorylase. J. Biol. 
Chem. 228:201-213. 
Plaks, J. G., M. J. Erwin and J. M. Buchanan. 1958. Bio­
synthesis of the purines. XVIII. 5-a'mino-l-rlbosyl-'^-
Imidazolecarhoxamide 5'-phosphate transformylase and' 
inosinocase. J. Biol. Chem. 229:603-612.. 
Pries, N., S. Bergstroem and M. Rottenberg. 19^9• The ef­
fect of various imidazole compounds on the growth of 
purine-deficient mutants of Ophiostoma. Physiol. 
Plantarum 2:210-211. 
Pukuyama, T. T. and H. S. Moyed. 1964. A separate anti­
biotic-binding site in xanthosine-5'-phosphate aminase: 
inhibitor- and substratebinding studies. Biochem. 3- ' 
1488-1492. 
Gabbard, K. L. and P. A. Pattee. 1966. Biochemical analysis 
of purine-dependent mutants of Staphy 1 ococcus aureus ' 
Bacterid. Prcrc. 1966:104. 
Giles, N., C. W. H. Partridge and E. Nelson. 1957» The 
genetic control of adenylosuccinase in Neurospora eras sa. 
Proc. Natl. Acad. Sci. (U.S.) 43:305-317-
Goldthwait, D. A., E. A. Peabody and G. E. Greenberg. 1956. 
On the occurrence of glycinamide ribotide and its formyl 
derivative. J. Biol. Chem. 221:555-567» 
Gets, J. S. 1950" The accumulation of 4-amino-5-imidazole-
carboxamide by a purine-requiring mutant of Escherichia 
coli. Arch. Biochem. 29:222-22?. 
Gots, J. S. 1957. Purine metabolism in bacteria. V. Peed-
back inhibition. J. Biol. Chem. 228:57-66. 
Gots, J. S., E. G. Coon and D. H. Hild. 1959. Cistronic 
control of biosynthetic leakage in purine auxotrophs 
of Salmonella typhlmurium. Bacteriol. Proc. 1959:35» 
Gots, J. S. and E. G. Gollub. 1957» Sequential blockade in 
adenine biosynthesis by genetic loss of an apparent 
120 
bifunctional deacylase. Proc. Natl. Acad. Sci. (U.S.) 
43:826-834. 
Gollub, E. G. 1961. Genetic and biochemical analysis of 
adenine-specific auxotrophs of Salmonella typhimurium. 
Bacteriol. Proc. 1961:35. p. 35» 
Greenberg, G. E. 1951- De novo synthesis of hypoxanthine 
via inoslne-5'-phosphate and inosine. J. Biol. Chem. 
190:611-631. 
Greenberg, G. R. and E. L. Spilman. 1956. Isolation of 5-
amino-4-lmidazolecarboxamide riboside. J. Biol. Chem. 
219:411-422. 
Guirard, G. M. 1958. Microbial nutrition. Ann. Rev. Micro­
biol. 12:255-258. 
Hakala, M. T. and C. A. Nichol. 1959. Studies on the mode 
of action of 6-mercaptopurine and its ribonucleoside on 
mammalian cells in culture. J. Biol. Chem. 234:3224-
3227. 
Hakala, M. T. and C. A. Nichol. 1964. Prevention of the 
growth-inhibitory effect of 6-mercaptopurine by 4-
aminoimidazole-5-carboxamide. Biochem. Biophys. Acta 
80:665-668.. 
Hartman, S. C. and J. M. Buchanan. 1959. Nucleic acids, 
purines, pyrimidines (nucleotide synthesis). Ann. Rev. 
Biochem. 28:365-410. 
Henderson, J. F. 1963. Feedback inhibition of purine bio­
synthesis in ascites tumor cells by purine analogues. 
Biochem. Pharmacol. 12:551-556. 
Imsande, J. and P. Handler. I96I. Biosynthesis of diphos-
phorpyridine nucleotide. III. Nicotinic acid mono­
nucleotide pyrophosphorylase. J. Biol. Chem. 236: 
525-530. 
Ishikawa, T. 1962. Genetic studies of ad-8 mutants in Neuro-
spora crassa. I. Genetic find structure of the ad-8 
locus. Genetics 4?:ll47-ll6l. 
Kirchner, C. E. J. i960. The effects of the mutator gene on 
molecular changes and mutation in Salmonella typhimurium. 
J. Mol. Biol. 2:331-338. 
121 
Kloos, W. E. 1964. A biochemical and genetic analysis of 
histidine-dependent mutants of Staphylococcus aureus. 
Unpublished Ph.D. thesis. Ames, Iowa, Library, Iowa 
State University of Science and Technology. 
Kloos, W. E. and P. A. Pattee. 19^5. Transduction analysis 
of the histidine region in Staphylococcus aureus. J. 
Gen. Microbiol. 39:195-20?. 
Romberg, A., I. Lieberman and E. S. Simms. 1955* Enzymatic 
synthesis and properties of j-phosphorlbosylpyrophosphate. 
J. Biol. Chem. 215:389-^01. 
Kuramitsu, H. K., S. Udaka and H. S. Moyed. 1964. Induc­
tion of inosine-5*-phosphate dehydrogenase and xan-
thosine-5'-phosphate aminase by ribosyl-U'-amino-5-
imidazolecarboxamide in purine-requiring mutants of 
Escherichia coli. J. Biol. Chem. 239:3425-3^30. 
Lederberg, J. 1950. Isolation and characterization of 
biochemical mutants of bacteria. Methods in,Med. Res. 
3:5-22. 
Lederberg, J. and E. M. Lederberg. 1952., Replica plating 
and indirect selection of bacterial mutants. J. 
Bacterid. 63:399-406. 
Levenberg, B. and J. M. Buchanan. 1957a. Biosynthesis of 
the purines. XII. Structure, enzymatic synthesis and 
metabolism of 5-aminoimidazole ribotide. .J. Biol. Chem. 
224:1005-1018. 
Levenberg, B. and J. M. Buchanan. 1957^. Biosynthesis of 
the purines. XIII. Structure, enzymatic synthesis, 
and metabolism of (a-N-formyl)-glycinamidine ribotide. 
J. Biol. Chem. 224:1019-102?. 
Levin, A. P. and B. Magasanik. I96I .  The effect of purines 
on the formation of two enzymes involved in purine 
biosynthesis. J. Biol. Chem. 236:184-188. 
Long, C., ed. I961 .  Biochemists handbook. Princeton, 
New Jersey, Van Nostrand Publishing. 
Love, S. H. 1956. Synthesis of purine intermediates by a 
cell-free extract of Escherichia coli. J. Bacterid. 
72:628-631 .  
122 
Love, S. H. and J. S. Gots. 1955• Purine metabolism in 
bacteria. III. Accumulation of a new pentose-contain-
ing arylamine by a purine-requiring mutant of 
Escherichia coli. J. Biol. Chem. 212:647-65^. 
Lukens, L. N. and J. M. Buchanan. 1959a. Biosynthesis of 
the purines. XXIV. The enzymatic synthesis of 
l-ribosyl-4-imidazolecarboxylic acid-5*-phosphate and 
carbon dioxide. J. Biol. Chem. 23^:1799-1805. 
Lukens, L. N. and J. M. Buchanan. 1959b. Biosynthesis of 
the purines. XXIII. The enzymatic synthesis of N-(5-
amino-l-ribosyl-4—imidazolylcarbonyl)-L-aspartic acid 
5'-phosphate. J. Biol. Chem. 234:1791-1798. 
Luzzati, D. and R. Guthrie. 1955• Studies of a purine- or 
histidine-requiring mutant of Escherichia coli. J. 
Biol. Chem. 2l6:l-8, 
Magasanik, B. 1962. Biosynthesis of purine and pyrimidine 
nucleotides. In: Gunsalus, I. C. and R. Y. Stanier, 
eds. The bacteria, vol. Ill: biosynthesis, pp. 259-
334. New York, New York, Academic Press. 
Magasanik, B. and M. S. Brooke. 1954. The accumulation of 
xanthosine by a guanine-less mutant of Aerobacter 
aerogenes. J. Biol. Chem. 206:83-87. 
Mandell, J. D. 1963• Rapid identification of auxotrophic 
bacterial mutants, Bacteriol. proc. 1963:34. 
Martin, R. G. 1963. The first enzyme in histidine bio­
synthesis: the nature of feedback inhibition by histi­
dine. J. Biol. Chem. 238:257-268. 
McCollister, R. J., ¥. R. Gilbert, Jr., D. M. Ashton and J. 
B. Wyngaarden. 1964. Psèudofeedback inhibition of 
purine synthesis by 6-mercaptopurine ribonucleotide and 
other purine analogues. J. Biol. Chem. 239:1560-1563. 
Miller, R. W., L. N. Lukens and J. M. Buchanan. 1959. Bio­
synthesis of the purines. XXV. The enzymatic cleavage 
of N-(5-amino-l-ribosyl-4-imidazolylcarbonyl)-L-
aspartic acid 5 *-Phosphate. J. Biol. Chem. 234:l8o6-
I8I6. 
Moyed, H. S. and B. Magasanik. 1957- The role of purines in 
histidine biosynthesis. J. Amer. Chem. Soc. 79:4812-
4813. 
123 
Moyed, H. S. and B. Magasanik. i960. The biosynthesis of 
the imidazole ring of histidine. J. Biol. Chem. 235* 
149-153. 
Nierlich, D. P. and B. Magasanik. 1965b. Regulation of 
purine ribonucleotide synthesis by end product inhib-
tion. (The effect of adenine and guanine ribonucleo­
tides on the 5'-phosphoribosylpyrophosphate 
amidotransferase of Aerobacter aerogenes). J. Biol. 
Chem. 240:358-365. 
Nierlich, D.- P. and B. Magasanik. 1965a. Phosphoribosyl-
glycinamide synthetase of Aerobacter aerogenes. 
(purification and properties, and non-enzymatic forma­
tion of its substrate 5'-phosphoribosylamine). J. 
Biol. Chem. 240:366-374. 
Novick, A. and M. Weiner. 1957- Enzyme induction as an all 
or none phenomenon. Proc. Natl. Acad. Sci. (U.S.) 43 : 
553-566. 
Ozeki, H. 1956. Abortive transduction in purine-requlring 
mutants of Salmonella typhlmurium. Carneg. Inst. Wash. 
Publ. 612:97-106. 
Pattee, P. A. and J. N. Baldwin. I96I. Transduction of re­
sistance to chlortetracycline and novobiocin in 
Staphylococcus aureus. J. Bacteriol. 82:875-881. 
Pauly, H. 1904. Uber die konstitutlon des histidins. I. 
Mitteilung. Hoppe-Seyler's Zeit. fur Physiol. Chem. 
42:508^518. 
Pfiffner, J. J. and 0. D. Bird. 1956. Water-soluble vita­
mins, part I. (Vitamin B-12, folic acid, choline, and 
para-aminobenzoic acid). Ann. Eev. Biochem. 25:397-
434. 
Ravel, J. M., R. E. Eakin and W. Shine. 1948. Glycine, a 
precursor of 5(^)-aMino-4(5)-imidazolecarboxamide. J. 
Biol. Chem. 172:67-70. 
Richardson, G. M. 1936. The nutrition of Staphylococcus 
aureus : necessity for uracil in anaerobic growth. 
Biochem. J. 30:2184-2190. 
Ritz, Harry L. I96I. A transduction analysis of complex 
loci in Staphylococcus aureus. Unpublished Ph.D. thesis. 
Columbus, Ohio, Library, Ohio State University. 
124 
Sanderson, K. E. and M. Demerec. 19^5• The linkage map of 
Salmonella typhlmurium. Genetics 51*897-913. 
Sarachek, A. 1964. Promotion or retardation of the growth 
of adenine auxotrophs of Candida albicans by purines, 
pyrimidines and nucleosides. Antonie van Leeuwenhoek 
30:289-302. 
Schulman, M. P. and J. M. Buchanan. 1952. Biosynthesis of 
the purines. III. Metabolism of 4-amino-5-imidazole-
carboxamide in pigeon liver. J. Biol. Chem. 196:513-
526. 
Schulman, M. P., J. C. Sonne and J. M. Buchanan. 1952. Bio­
synthesis of the purines. I. Hypoxanthine formation in 
pigeon liver homogenates and extracts. J. Biol. Chem. 
196:499-512. 
Shaw, E. 1950. A new synthesis of the purines adenine, 
hypoxanthine, xanthine, and isoguanine. J. Biol. Chem. 
185:439-447. 
Shedlovsky, A. and B. Magasanik. i960. Adenine deficiency 
in a histidine auxotroph. (Abstract) Fed. Proc. 19: 
51. 
Shive, W., W. W. Ackermann, M. Gordan, M. E. Getzendamer and 
E. E. Eakin. 1947. 5(4)-amino-4(5)-imidazolecarboxa-
mide, a precursor of purines. J. Amer. Chem. Soc. 69 : 
725-726. 
Slechta, L. i960. Inhibition of xanthosine-5'-phosphate 
aminase by psicofuranine. Biochem. Biophys. Res. Comm. 
3:596-598. 
Stetten, M. E. and C. L. Pox, Jr. 1945. An.amine formed by 
bacteria during sulfonamide bacteriostatis. J. Biol. 
Chem. 161:333-349. 
Stouthamer, A. H., P. G. deHaan and H. J. J. Nijkamp. I965. 
Mapping of purine markers ,in Escherichia coli K-12. 
Genet. Ees., Camb. 6:442-453* 
Taylor, A. L. and M. S. Thoman. 1964. Genetic map of 
Escherichia coli. Genetics 50:659-677» 
Vogel, H. J. and D. P. Bacon. I966. Gene aggregation: 
evidence for a coming together of functionally related. 
125 
. not closely linked genes. Proc, Natl. Acad. Sci. 
(U.S.) 55:1456-1459. 
Vogel, H. J. and B. D. Davis. 1952. Adaptive phenomena in 
a "biosynthetic pathway. Fed. Proc. 11:485. 
Warren, L. and J. M. Buchanan. 1957. Biosynthesis of the 
purines. XIX. 2-amino-N-ri'bosylacetamide-5 
phosphate (glycinamide ribotide) transformylase. J. 
Biol. Chem. 229:613-625. 
Weygand, F. and M. Waldschmidt. 1955. ïïber die Biosynthese 
des leucopterins, untersucht mit Cl^-markierten 
Verbindungen am Kohlweissling. Ange. Chem. 67:328. 
Williams, J. N. 1952. Inhibition of Coenzyme I-requiring 
enzyme by adenine and adenyl metabolites m vitro. 
J. Biol. Chem. 195:629-635. 
Wilson, A. C. and A. B. Pardee. I965. Comparative aspects 
of metabolic control. In Florkin, M. and H. S. Mason, 
eds. Comparative biochemistry. Vol. 6. p. 78. New 
York, New York, Academic Press. 
Wood, E. C. and E. Steers. 1959. Study of the purine 
metabolism of Staphylococcus aureus. J. Bacterid. 
77:760-765. 
Wyngaarden, J. B. and D. M. Ashton. 1959. The regulation 
of activity of phosphoribosylpyrophosphate amidotrans-
ferase by purine ribonucleotides: a potential feedback 
control of purine biosynthesis. J. Biol. Chem. 234: 
1492-1496. 
Wyngaarden, J. B. and H. A. Greenland. 1963. The inhibi­
tion of succinoadenylate kinosynthetase of Escherichia 
coli by adenosine and guanosine 5 *-monophosphates. J. 
Biol. Chem. 238:1054-1057• 
Yanari, S., J..E..Snoke and K, Bloch. 1953. Energy sources 
in glutathione synthesis. J. Biol. Chem. 201:561-571* 
Yura, T. 1956. Evidence of non-identical alleles in purine-
requiring mutants of Salmonella typhimurium. Carneg. 
Inst. Wash. Publ. 612:63-75. 
126 
Zara, Amir E. 1964. Transductional analysis of histidine 
independence in Staphylococcus aureus. Unpublished 
M.S. thesis. Ames, Iowa, Library, Iowa State University 
of Science and Technology. 
Zimmerman, E. P. and B. Magasanik. 1964. Utilization and 
interconversion of purine bases and ribonucleosides by 
Salmonella typhimurium. J. Biol. Chem. 239^293-300. 
ACKNOWLEDGEMENTS 
The author wishes to thank Dr. Pattee for his objective 
guidance and many inspiring discussions during the course of 
this investigation while in the difficult position of being 
both an advisor and a friend. The author also wishes to 
thank Dr. David P. Johnson of Indiana State University, whose 
faithful encouragement enabled hopes to be fulfilled. 
This investigation was supported by grants AI-0^202 
(NIH) and GB-2325 (NSF) to Dr. Pattee. The author was a 
NIH Predoctoral Fellow (Fellowship number; l-Pl-GM-28, 632-
01) from 1965 to 1967. 
